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d :day (s) NBS :N-bromosuccinimide 
d :doublet (NMR) NMR :nuclear magnetic 
resonance 
FABMS :fast atom bombardment mass ppm :part per million 
spectrometry 
ESI :electrospray ionization Ph :phenyl 
g :gram (s) PhCN :benzonitrile 
h :hour (s) R :alkyl group 
HRMS :high resolution mass spectrometry r.t. :room temperature 
Hz :hertz s :singlet (NMR) 
J :coupling constant t :triplet (NMR) 
Abstract 
Aromatic carbon-f luor ine bond activation (CFA) and selective aromatic carbon-
hydrogen bond activation (CHA) were found in the reactions of fluoro-substituted 
benzenes with Rh(por)Cl (por = porphyrinate) in the presence of base to give aryl 
rhodium porphyrin complexes . 
The aromatic carbon-f luor ine bond of f luorobenzene was activated by Rh(ttp)Cl at 
120 °C in basic media in 4 8 % yield in solvent-free condit ions. When the reaction was 
carried out in benzene as solvent, both the solubility and yield were improved. 
Competi t ive carbon-f luor ine bond and carbon-hydrogen bond activations were shown in 
reactions between Rh(ttp)CI and several f luorobenzenes bearing two and three fluorine 
atoms. The carbon-hydrogen bond activation also showed an ortho-select ivi ty to yield 
ortho-fluoroaryl rhodium porphyrin complexes. 
vi 
摘要
碱性条件下，Rh(por)CI (po r代表卟啉) 可进行芳香族碳氟键活化(CFA) ，亦可 
进行选择性芳香族碳氢键活化(C H A )，得到芳基铑卟啉络合物。
碱性条件下，当反应温度为120°C时 ，在非溶剂条件下，氟苯的芳香族碳氟键 





Chapter 1 Introduction 
1.1 Definition of Aromatic Bond Activation 
Aromatic bond activation is defined as the activation of the aromatic carbon-
hydrogen, -halogen, -nitrogen, and -oxygen bonds by transition metal complexes to give 
transition metal aryls (eq. 1.1). 
M + Ar-X Ar-M-X or Ar-M (1.1) 
X = H, F, etc. 
1.2 Application of Aromatic Carbon Fluorine Bond Activation 
The activation of aromatic carbon-iodine, -bromine and -chlorine bonds are the 
key steps in the catalytic cross-couplings for the bi-aryl synthesis.' However, due to the 
great strength of aromatic carbon-fluorine bond, the synthesis of bi-aryls via the aromatic 
carbon-fluorine activation remains less-developed with only a few reported 
examples.2’3’4 5 
Kambe et a\? reported the selective cross-coupling of arylfluorides by 
NiCl2(dppf) catalyst via the activation of C-F bond (eq. \ 2 ) ? 
8 mol% NiCl2(dppf) 
Ph-F + PhMgBr Ph-Ph (1.2) 
1,3-butacliene, 
25 C ’ 2 4 h 27/0 
Another example was demonstrated by Mongin et al.^ to achieve the selective 
synthesis of heterocyclic bi-aryls by nickel(O) catalyst in the reactions of 
phenylmangnesium bromides with fluoroazines and fluorodiazines at room temperature 
(eq. 1.3).3 
1) ArMgBr 
Ni(0)(acac)2 5 mol% \ 
r f ^ A [ T V ^ p THF.18h.rt ^ \ f f ^ Y ^ A 
(1.3) 
Ar = Ph, PhOMe yield = 59 - 97% 
1.3 Mechanisms of Aromatic Bond Activation 
Transition-metal-mediated aromatic carbon-halogen and carbon-hydrogen bonds 
activations usually occur via one of the following mechanistic pathways: 1) oxidative 
addition onto a metal centre, 2) electrophilic aromatic substitution with metal complexes, 
3) nucleophilic aromatic substitution (SNAF) with classical 1x2-electron pathway, 4) 
nucleophilic aromatic substitution with non-classical 2x1 electron transfer pathway, 5) 
halogen atom abstraction reaction, and 6) 1,2-addition into a metal-carbon bond (Table 
1 . 1 ) . 
1.3.1 Oxidative Addition 
Oxidative addition of an aromatic carbon-halogen or carbon-hydrogen bond 
involves the formal 2e oxidation of an electronically unsaturated metal centre via the 
cleavage of an aromatic C-H bond or aromatic C-X bond and the concurrent formation of 
a metal-carbon and a metal-hydrogen or metal-hydride bond (eq. 1.4). The oxidative 
addition of C-H occurs in the presence of cf-electrons on the metal center, and hence this 
process is more common for low-valent transition metals.^'^ 
M + Ar-E Ar-M-E (1.4) 
E = H,X, etc. 
Table 1.1 Mechanistic Schemes Involved in Aromatic Bond Activation 
Mechanistic Scheme General Scheme 
C-H Activation C-F Activation 
1 Oxidative Addition M + Ar-H — Ar-M-H M + Ar-X Ar-M-X 
2 Electrophilic Aromatic 
Substitution 
M+ + Ar-H — Ar-M + H+ nil 
3 Nucleophilic Aromatic 
Substitution -classical Nil NT + Ar-X — Ar-M + X" 




Nil M- + Ar-X 4 M. + Ar-X -
Ar-X-- — Ar. + X. 
M- + Ar. —M-Ar 
5 Halogen Atom 
Abstraction Nil M- + Ar-X 4 Ar-M + X' 
6 1,2-Addition M=C + Ar-H — Ar-M-C-H M=C + Ar-X — Ar-M-C-X 
Aromatic C-H activation via oxidative addition was discovered by Bergman and 
co-workers from a low valent iridium(l) complex intermediate 1 to achieve the 
iridium(III) product 2 (eq. 1.5)7 
MegP 
hv I CgHj 
5.5 h " (1.5) 
6 7 % 
The oxidative addition of aromatic C-F bonds can occur in other low valent 
transition metal complexes. Jones and co-workers demonstrated the oxidation addition of 





"Cp2Zr" Cp2Zr (1.6) 
CeFs 
1.3.2 Electrophilic Aromatic Substitution 
Electrophilic aromatic substitution (SeAr) is another pathway to activate an 
aromatic bond. It involves the substitution of an aromatic hydrogen (in the form of 
proton) with an electrophilic reagent (eq. 1.7). Regioselectivity is an issue for substituted 
arenes where classical electrophilic aromatic substitution product(s) often form.9 
M+ + Ar-H Ar-M + H+ (1.7) 
He and co-workers demonstrated this type of reaction of gold(III) chloride with 








Scheme 1. Electrophilic Aromatic Substitution of Aromatic C-H Bond by Gold(III) 3. 
Halogens always leave as anions, so they do not usually participate in this 
reaction pathway. 
1.3.3 Nucleophilic Aromatic Substitution 
Nucleophilic aromatic substitution (SwAr) is also a viable type of aromatic bond 
activation. A metal complex acts as the nucleophile to replace the hydride and halide. The 
low valent metal complex must possess high electron density in order to have the lone 
2 1 1 pair electron for the nucleophilic attack to the sp aromatic carbon (eq. 1.8). 
M" + Ar-F Ar-M + F- (1.8) 
No example has been reported for aromatic C-H activation via the SwAr to 
generate a hydride due to the high reactivity of hydride and the poor leaving group 
property. 
Yu et al.i2 reported the S^Av type electron transfer C-F activation of fluoroarenes 
by palladium(O) metal complex 4 and forming the corresponding oxidative addition 
product 6.12 Although a interaction between palladium center and fluorine was proposed, 








R=H, CHO orCN 
Scheme 3. Nucleophilic Aromatic Substitution of Aromatic C-F bond by Palladium(O) 
A recent example of nucleophilic aromatic substitution involves the reaction of 
iridium(I) complex with perfluoroarenes to form the corresponding substituted product 
with the loss of fluoride ion (eq. 1.9). 
F 
rt, 1 d 
Cp lr(C0)2 + (1.9) 
CN 
49% 
1.3.4 Halogen Atom Abstraction 
Halogen atom abstraction involves the abstraction of a halogen atom from 
homolytic cleavage of the aromatic carbon-halogen bond by a metal complex (eq. 1.10)." 
2M + Ar-X M-Ar + M-X (1.10) 
M + Ar-X M-X + Ar. (110.1) 
Ar. + M Ar-M (1.10.2) 
Halpern and co-workers'"^ reported the activation of aryl iodide via the iodine 
atom abstraction pathway by an 17 electrons cobalt(II) complex. The by-product, 
pyridine radical was reacted with another 17 electrons cobalt(II) complex to yield the 
cobalt aryl complex (eq. 1.11). * 
50 °C, 16 h 
2Co(CN)53- + 2 Pyl ^ Co(CN)5|3- + Co(CN)5Py2- (1.11) 
95% 
Halogen atom abstraction is normally occurred in aliphatic halides by metal 
complexes. Fluorine always leaves as fluoride ion due to its high electronegativity.'^ 
1.3.5 1,2-Addition 
1,2-Addition into metal carbon double bond is common for aromatic C-H 
activations for early to mid-transition metal complexes. Legzdins and co-workers'^ 
reported the activation of the C-H bond of benzene by the tungsten akylidiene complex 
generated from the thermolysis of 7 to give product (Scheme 4). 
ON … 
CMe4 
ON i‘..W CeDe 
70 °C. 40 h 
H D 
O N ^ V V ^ 
0 d5 
9 65% 
Scheme 4. Addition of Aromatic C-H Bond into W=C Linkage 
1.4 Difficulties in Aromatic Bond Activations 
The well-known properties of the fluorine atom is the highest electronegativity in 
the Pauling's electronegativity scale (4.0) and the strong bond strength character of the 
carbon-fluorine b o n d . " This chemical inertness and the high thermal stability make the 
chemistry of fluorocarbons a specialized field, an area of research that has attracted the 
attention of both inorganic and organometallic chemists to overcome the chemical and 
intellectual challenges of C-F bond activation. Furthermore, fluorocarbons are reluctant 
to coordinate to metal centers and making the activation kinetically difficult.'^''^ 
Compared with aromatic C-F activation, aromatic C-H activation has a longer 
history and has received more attention in the research field. The aromatic C-H bonds are 
kinetically reactive even though the aromatic C-H bonds are strong (bond energy ca. 90 -
1 0 1 110 kcalmol'), ’ non-polarized, and very poor Lewis acids or bases. Usually the 
activation is highly facilitated by the precoordination of the ring electrons to the metal 
center. 
1.4.1 Thermodynamic Estimation 
The estimation of the thermodynamics of CFA and CHA are outlined in Scheme 5. 
Similar calculations of other fluorobenzenes are listed in Table 1.2. 
CFA 
CqHSF M MCeHg 
AH = (M-C) + (M-F)-(C-F) 
=(-60)+ (-90)-(-126) 
=-24 kcal mo|-i 
where A s is negative - 35eu 
hence, TAS298 = (298K)(35eu)/1000 
=10 kcal mo|-i 
AG=AH-TAS 
=-24 kcal mol" 
=-14 kcal mo|-
MF 
-10 kcal mol" 
CHA 
C6H5F M MC6H4F+ MH 
AH = (M-C) + (M-H)-(C-H) 
=(-60)+ (-60)-(-110) 
=-10 kcal mo|-i 
where A s is negative - 35eu 
hence, TAS298 = (298K)(35eu)/1000 
=10 kcal mo|-i 
AG= AH - TAS 
=-10 kcal mol" 
=0 kcal mo|-i 
-10 kcal mol" 
CFA 
CeFe M MCeFs 
AH = (M-C) + (M-F)-(C-F) 
=(-60)+ (-90)-(-154) 
=+4 kcal mo|-i 
where A s is negative - 35eu 
hence, TAS298 = (298K)(35eu)/1000 
=10 kcal mo|-i 
AG=AH-TAS 
=+4 kcal mori 
=+14 kcal mol" 
MF 
-10 kcal mol" 
Scheme 5. Thermodynamic Estimation of CFA and CHA 
Table 1.2 Thermodynamic Estimation of CFA and CHA 
Entry Fluoro- BDEofC- BDE ofC- Gas phase CFA AG298 CHA AG298 
benzene F bond / H bond / ^K^ of C-H / kcal mol'' / kcal mol'' 
kcal mol"' kcal mol"' (A G°g/ kcal 





















Reference 23(b); Reference 26; Reference 23(a); Reference 25. 
The BDE of the C-F bond of fluorobenzene is 126 kcal mol'' while the BDE of 
the C-H bond is 110 kcal mol''. In the case of hexafluorobenzene, the BDE of C-F bond 
is up to 154 kcal mol"'.^^ The Rh-C bond in Rh(oep)C(0)H and the Rh-H bond in 
Rh(oep)H are both about 60 kcal mol ' i^The M-F is normally higher than the M-H bond 
by 30 kcal mol'' for t/-block transition metal complex,^^ which is around 90 kcal mol'' for 
this computation and the types of bond strength are listed in Table 1.3. 
Table 1.3 Rhodium Bond Strength 




Rh(oep)C(0)H Rh-C bond 
Rh(oep)H Rh-H bond 
Gerenal Transition Metal Rh-F bond 
Complexes 
a Reference 24;" Reference 25 
For reference, the gas phase acidities of fluorobenzenes are listed in Table 1.2.24 
The AS is around -35 eu at 298 K^^  and the AG298 of the CFA of fluorobenzene is 
estimated to be -14 kcal mol'' while that of the CHA of fluorobenzene is equal or less 
than 0 kcal mol''. Therefore, the CFA reaction is thermodynamically more favorable 
process than CHA. 
In the case of penta- and hexafluorobenzene, due to the stronger C-F bond, the 
AG298 of the CFA is positive. The Rh-C bond in Rh(ttp)C6F5 also expected to be stronger 
than that in Rh(ttp)C6H5. The same results are observed in AG298 of the CHA in 1,3,5-tri 
and pentafluorobenzene. 
1.4.2 Aromatic Carbon-Fluorine Bond Activation by Transition Metal Complexes 
A brief review in chronological order of the activation of C-F bonds by transition 
metal complexes is given below. For more pertinent reviews, the reviews by RichmoncP 
and Torrens29 should be consulted. 
1.4.2.1 Examples of Aromatic C-F Activation in 1970s 
10 
In 1973, the activation of aromatic C-F bond has been realized in the cross-
coupling reaction of fluorobenzene with /-CsHyMgCl. Treatment of an ether solution of /-
CsHvMgCl with fluorobenzene in the presence of the Ni(Me2PCH2CH2PMe2)Cl2 catalyst 
afford a mixture of three cross-coupling products, 10 11, and 12 in 62% overall yield (eq. 
1.12).30 The key step in this transformation has been proposed to be the oxidative 
addition of the C-F bond in fluorobenzene at Ni(0) prior to the cross-coupling step and 





^ ^ ^ Ni(dmpe)2Cl2 
-CsHyMgCI 






Another discovery of CFA was made by Stone and co-workers^' in 1976 in the 
reaction of 3 5-(CH30C0)2C6H3N=NC6F5 with CpRu(PPh3)2(CH3) to give 21% yield of 










- I \ .PPh. 







THF, RT. 10min 
15 16 69% 
Scheme 6. Oxidative addition of aromatic C-F bond into tungsten(O) complex. 
These transformations in 1970s and 1980s serve to provide more understanding of 
the nature of oxidative addition of fluoroarenes and started the fast growth of aromatic C-
F activations in 1990s. 
Transition-metal fluoroarene coordination compounds are rare. Carbtree and co-
workers^^ provided the first spectroscopic evidence of fluoroarene coordination in 
solution with the observation of a significant upfield shift of 46 ppm (from -126 to -172 
ppm) in '^F NMR spectrum for the 8-fluoroquinoline-iridium complex 17. This landmark 
12 
1.4.2.2 Examples of Aromatic C-F Activation in 1980s 
In 1987, W(CO)3(NCEt)3 was reported to undergo facile oxidative addition of an 
aromatic C-F bond in the compound 14. After ligand substitution of 2 equivalent of 
ligand EtCN of 14 the intermediate 15 is formed. The C-F bond activation occurs 
intramolecularly to give the tungsten(n) product 16 in 69% yielcF (Scheme 6). 
. , - H NH, 
W(CO)3(NCEt)3 + \ _ l 2 -2EtCN 
+2EtCN 
\ 
discovery provides an important spectroscopic tool for seeking other examples of the 
coordination of fluorine to a metal center in further mechanistic understanding of the 
activation of aromatic C-F bonds (eq. 1.14) 33 
[lr(COD)2(PPh3)2](SbF6) 
Ph3P 








1.4.2.4 Examples of Aromatic C-F Activation in 1990s 
In 1991, Milstein and co-workers]^ reported the thermolysis of (Me)Ir(PEt3)3 in 
hexafluorobenzene at 60 °C to afford 18 with the elimination of CH4 and C2H4 The 
formation of a strong P-F bond overcomes the energetics of breaking the C-F and P-C 




E t + E t 
EtgP- l r -PEtg 
18 





Scheme 7. Proposed Mechanism of C-F Activation by (Me)Ir(PEt3)3 
In 1997 Edelbach and Jones^^ demonstrated that the high valent rhodium 
complex [Cp*Rh(PMe3)H2] reacts with 6 6 in pyridine or 1:1 pyridine/benzene to give 
the C-F cleavage product [Cp*Rh(PMe)3(C6F5)H] in 50% yield (eq. 1.16). Kinetic studies 
reveal that the reaction has autocatalytic character, and fluoride ion is shown to be 
responsible for the catalysis. The [Cp*Rh(PMe3)H2] intially reacts with a base (pyridine 
or F") to give the anion [Cp*Rh(PMe3)H]' which then reacts rapidly with CsFeto give the 
C-F cleavage products as [Cp*Rh(PMe3)(C6F5)H] via nucleophilic aromatic substitution. 




























MesP H H 
pyridine or MeaP' 
I 1:1 pyridine/benzene p 















Scheme 8. Proposed Mechanism of C-F activation of Cp Rh(PMe3)H2 
There are examples of catalytic C-F activations of fluorinated alkenes 7 but 
catalytic system of defluorination of aromatic C-F is still rare. The landmark 
homogeneous, catalytic C-F activation of CePe with H2to give CeFsH by [Rh(SiR3)(PMe3)] 
was discovered Milstein et al in 1994 (eq. 1.17) 38 
95 °C 17h 
CeFe + H 2 ( 9 0 p s i ) , … / 
[Rh(SEt3)(PMe3)3] 50% 
(1.17) 
Scheme 9 illustrates the proposed mechanism of the catalysis. The cycle begins 
with the oxidative addition of the triethylsilane Si-H bond to the rhodium(I) complex 19 
to give the six-coordinated intermediate 20. Then, 20 undergoes reductive elimination to 
give pentafluorobenzene and the rhodium(I) complex 21. Finally, ligand substitution of 
the triethylsilyl group by pentafluorophenyl regenerates 19 with the concomitant 
production of byproduct Et^SiF. This substitution is probably driven by the formation of a 
strong Si-F bond. 
With this first homogenous catalytic C-F activation reported, chemists started to 
not only investigate the improvement of the catalytic systems; but also develop catalytic 
functionalization of fluoroarenes by cross-coupling approach. More examples were 
reported in 2000s. 





Scheme 9. Catalytic Cycle of C-F Activation by Rhodium Comph 
1.4.2.5 Examples of Aromatic C-F Activation in 2000s 
Very recently, chemists have successfully developed the catalytic 
functionalization of strong aromatic C-F bond. Section 1.2 already highlights the key 
examples. Ackermann et al.4 reported the Kumada cross coupling of aryl fluoride with 
ArMgBr at 20 catalyzed by Ni(acac)2 with the sterically demanding phosphine oxide 
ligand (eq. 1.18).^ 
16 
2 mol% Ni2('Pr2lm)4(COD)] 
[ = \ 3 NEta 




20 °C, THF, 24 h 





Scheme 10 summarizes the key development of CFA in a timeline. 
Oxidativa Addition 
of C-F Bond for 
Cross-coupling 
M-F Bond Formed Homogenous 
Product via OA Catalytic CFA Catalytic CFA for 
by Richmond by Milstein functionalization 
1970 1980 1990 
Active Period of 
Aromatic CFA 
by Jones, etc 
2000 
Scheme 10. Timeline of Aromatic C-F Activation 
1.4.3 Aromatic Carbon-Hydrogen Bond Activations by Transition Metal Complexes 
The key recent reviews of C-H activations by transition metal complexes have been 
documented by Shul'pin^^ and Bercaw I will highlight only the representative examples 
of the varies mechanistic types and catalytic applications in this thesis. 
17 
Radius and co-workers^ illustrated a Suzuki-type bi-aryl coupling reaction from 
perfluorinated arenes and phenyl boronic acid catalyzed by the nickel N-heterocyclic 








1.4.3.1 Oxidative Addition 
In the aromatic C-H activation, oxidatic addition is the most common pathway 
found. An example has been covered in Section 1.3.1 (eq. 1.5). A similar example was 
reported by Jones and co-workers'^^ in the aromatic C-H bond via oxidative addition with 
the rhodium(III) complex 22. The photochemically induced reductive elimination of 
dihydrogen of 22 lead to the formation of coordinatively unsaturated, reactive 
intermediate 23 which then undergoes oxidative addition of the aromatic C-D bond to 
yield the product (Scheme 11). 
hv I ^ ' ^ C CgDe 
H . T PMe3 ^ ^ R|h ^ D . T PMe3 
22 23 24 
Scheme 11. Oxidative Addition of Aromatic C-H Bond 
1.4.3.2 Electrophilic Aromatic Substitution 
C-H activation via electrophilic aromatic substitution has been discussed in 
Scheme 2. The much-related example in this thesis has been reported by Ogoshi in 
1986.41 Rh(oep)Cl reacted with various arenes in the presence of silver salts such as 
AgCICU to give aromatic CHA selectively. An electrophilic aromatic substitution (SeAr) 
pathway via an arenium ion intermediate was suggested to account the selective 











^ ^ FG = H, 40% 
=OMe, 46% 
=Me, 22% 




Scheme 12. C-H Activation of Substituted Benzene by Cationic Rhodium 
Porphyrins 
1.4.3.3 1,2-Addition Across M-C Double Bonds 
Wolczanski and co-workers'^^ reported the activation of the C-H bond of benzene 
by the zirconium imido complex 26. The formation of the strong phenyl zirconium bond 








100 ° C , 6 h 
(tBu3SiNH)3ZrC6H5 
27 91% 
Scheme 13. Addition of Aromatic C-H Bond into Zr=N Linkage 
1.4.3.4 Catalytic C-H Activation for Functionalization 
Aromatic C-H activation can be applied for the catalytic functionalization of arenes. 
Murai et al.43 reported the catalytic C-H activation of acetonephenone by 
RuH2(CO)(PPh3)3 to give the bi-aryl complex 28(eq. 1.20).43 
19 
0 
0.02 mol% RuH2(CO)(PPh3)3 




1.5 Competitive Aromatic Bond Activations 
Substituted Aromatic haloarenes have at least 2 potential sites for bond activation: 
the C-X and C-H bonds. In Scheme 14, a halobenzene can in principle undergo either C-
X activation to give aryl metal complex 28 or C-H activation to produce substituted aryl 
metal complex 29 selectively to give o-product or non-selectively to give other CHA 
isomers. The underlying principles for the selectivity of CXA versus CHA and the 
regioselectivity of CHA are challenging to understand. 
X 
29 
+ 3,4 isomers 
CHA M 
X M - X 
CXA 
X = F, CI, Br, I, NO2 28 
Scheme 14. Competitive Activation Between C-X and C-H Bonds 
1.5.1 Competitive Aromatic Carbon-Hydrogen and Carbon-Halogen Bond 
Activation 
In the reaction of haloarenes with transition metal complexes, competitive 
activation between a C-X bond and a C-H bond exists. Thermodynamic is helpful to 
understand the selectivity or the lack of it. Table 1.4 lists the BDEs of aromatic carbon-
halogen and c a r b o n - h y d r o g e n bonds. An aromatic C-H bond is stronger than a carbon-
halogen bond except the C-F bond. It therefore suggests that the reactivity follows the 
20 
bond strength: C-I > C-Br > C-Cl > C-H > C-F. Particularly important from a synthetic 
point of view is the regioselective activation of strong C-H bonds in the presence of a 
potentially reactive halogen substituent. 
Table 1.4 BDE of Aromatic Carbon Bonds 






However, kinetic factors such as chelation-assistance can direct the selectivity 
between C-H activation or C-X activation. In C-H activation, there are also various regio-
positions to result in o-, m-, and /^-isomers. 
The chelation-assistance effect has been demonstrated by Milstein and co-workers 
Scheme 15/4. ^^  (he reactions of halobenzenes with the iridium(I) complex, for chloro 
and bromobenzene, the ortho-isomQV is formed preferentially over meta- and para-
isomers (greater than the statistical ratio). The pre-coordination of the halogens to the 
iridium metal centers accounts the ortho selectivity even though the ortho position is a 
sterically more hindered reaction site. After prolonged heating, the thermodynamically 
favored carbon-halogen bond activations occurred in bromobenzene and chlorobenzene 







50 C, 1 h 
X = Br, CI, F 
ptBu2 
Br: 70% 0- m- p-
7 : 2 : 1 
CI: 60% o- m- p-
4 6 : 2 : 1 
F: 55% 0- m- p-
2 : 2 : 1 
-F 
PFe-
50 °C, 48 h 
X = Br: 70%. CI: 60% 
55%, o- : p-
2.3 ; 1 
Scheme 15. C-H and C-X Activations of Haloarenes by Ir(PCP) Complex 
U
In 2004, Goldman and co-workers^^ reported a non-chelating-assisted ortho-
directing C-H activation of nitrobenzene by an iridium complex (Scheme 16). Treatment 
of the Ir(PCP) complex 30 in nitrobenzene at -10 °C gave the or/Zzo-directing product, the 
/nmy-aryl iridium hydride 31. The thermodynamic product, the c/5-aryl iridium hydride 
32 was formed in elevated temperature at 135 °C in 95% yield. At the lower temperature 
of -47 the kinetically favored para- and meta-substituiQd products formed. The ortho-
directing product is kinetically less favored and thermodynamically more stable, probably 
due to additional 6-0-coordination of the nitro-group^^ (Scheme 16). This raises the 
concerns on the kinetic origin of the orr/70-selectivity in the Milstein report. 
22 






^ ^ R = u ^ P R 2 
+ meta-substituted 
85% rotamers 
-10 C 5h 
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32 95% 
Scheme 16. Activation of Nitrobenzene by Iridium complex. 
Ozerov and co-workers'^^ explored this kind of reaction by the Ir-PNP pincer 
complex 33 in 2005 (Scheme 17). The Ir complex 33 reacts with chlorobenzene at room 
temperature to firstly produce a mixture of C-H oxidative addition products 34. 
Thermolysis of the mixtures of product 34 at 70 gives the only ortho C-H activation 
isomer. Further heating at 120 produces the C-Cl activation product 35. The solid state 
structure of the ortho C-H activation product indicates that the ortho CI is oriented 
appropriately for additional C l—r donation which stabilizes the product and this product 
simply forms the strongest a-Ir-C bond among the other chlorophenyl isomers. Upon 
heating up to 120 the interaction is diminished and drives the reaction into the lowest 








RT, 20 h 
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CI 
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0 : 2 . 1 : 5 . 7 70 C , 7 2 h 120 °C. 24 h 
Scheme 17. Competitive C-H and C-Cl Activations of Chlorobenzene by Ir(PNP) 
Complex 33 
In 2006, Legzdins et al.47 reported that Cp*W(NO)(CH2CMe3)2 underwent CHA 
with halobenzenes to yield isomeric products, with or/Zzo-activated isomer being formed 
in the greatest amount. There is no coordination of the halogen to tungsten center. The 
origin of the or//zo-selectivity may due to thermodynamic reasons impacted by both 
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Scheme 18. Selectivity of C-H Activation of Halobenzenes. 
1.5.2 Competitive Aromatic Carbon-Hydrogen and Carbon-Fluorine Bond 
Activations 
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In fluoroarenes, although C-F bonds are stronger than C-H bonds, competitive 
CFA can still occur. Tomas and co-workers'^^ reported that the preference depends on the 
substrate. In scheme 19 when the hexahydride-osmium complex 36 reacts with both 37 
and 38 because of the four electrons repulsion of the fluorine and oxygen 
SLibstituents ,the orientation of both 37 and 38 have C-H bond next to the carbonyl group 
which favors C-H activation. In the case of substrate 39 as both phenyl and 
petafluorophenyl groups are sterically demanding, so C-F and C-H bonds are open for 
activation. As the more thermodynamically stable co-product HF is produced in the C-F 
activation than H2 in the C-H activation, C-F activation occurs exclusively in refluxing 
toluene 48 
F O 
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H P'Pr, 
60% 
Scheme 19. Competitive C-F and C-H Activations by Osmium Complex 35 
The selectivity issue between CFA and CHA has been addressed thereotically by 
a recent report by Reinhold et a l . They calculated the energetics of C-F and C-H 
activation products by zerovalent nickel and platinum complexes. It is shown that there is 
25 
d -p7i M-F repulsion in the larger size platinum but not in the smaller size nickel. As a 
result, platinum shows the preference to C-H activation over C-F activation and vice 






a e •37.0(M=Ni) 
•36.0(M=Pt) 
a e -13.9(M=Ni) 
-24.1(M=Pt) 
Scheme 20. Comparison of Computed Engergetics of C-F and C-H Activation in 
Isomeric Products (energies in kcal mol'') 
Therefore, for the examples of competitive aromatic CFA and CHA would 
provide better understandings of the origins of the selectivity. 
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1.6 Structural Features of Rhodium Porphyrins 
Porphyrin ligand is a tetradentate and dianionic ligand with an 18 t: conjugated 
system. It consists of 4 pyrroles with methine linkages (Figure 1). Properties of 
porphyrins can be modified by substituents at the meso (R) and (3 (X) positions?® 
Figure 1. General Structure of Porphyrin. 
The modifications of different aryls at the we^o-position (R) and functional 
groups at the p-positions (X) give different porphyrins in various electronic and steric 
properties. Some porphyrins and their abbreviations are listed in Table 1.5. 
Table 1.5 Abbreviation of Porphyrins 









Q H s 
Metalloporphyrins can be formed from the metalation of porphyrin ligands. The 
metal occupies the center of the porphyrin hole and is coordinated by the four nitrogen 
atoms of the pyrroles through the four lone pairs. 
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Rhodium porphyrins can exist in +1, +2, and +3 oxidation states. The anionic 
species +1 oxidation state of a rhodium porphyrin has two lone pair electrons in with 
dg electronic configuration in metal and behaves as a strong nucleophile. The +2 
oxidation state of a rhodium porphyrin acts as a metalloradical with one electron in the 
dz orbital in rhodium. The +3 oxidation state is a cationic species with and hence as a 
strong Lewis acid and an electrophile.^' 
The CHA reactions of rhodium porphyrins have been reported by Ogoshi'^' as 
shown in Scheme 12. In 1998 Chan et a l f reported that Rh(ttp)Cl reacted with the 
electron poor benzonitrile in refluxing conditions to give meta-cyano phenyl rhodium 
porphyrin complex, likely via an electrophilic aromatic substitutution in view of the 
meta-substituted product (eq. 1.21).^^ 
Rh(ttp)CI 
CN CN 
reflux, 3 d J . 
“ ^ ^ (1.21) 
^ ^ R h ( t t p ) 
32% 
Further systematic studies of the bond activations by rhodium(III) porphyrins 
are being carried out in the Chan group. 
1.7 Objectives of the Work 
This thesis concerns the chemistries of rhodium porphyrins complexes in 
1. the C-F activation of fluoroarenes; 
2. the competitive ortho selective CHA of fluoroarenes; 
3. the mechanistic studies of the above two processes. 
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Chapter 2 Competitive C-F and C-H Activation of 
Fluorobenzenes by Rhodium(III) Porphyrins 
2.1 C-F Activation of Fluorobenzene by Rhodium(III) porphyrins 
The activation of aromatic C-F bond by rhodium(III) porphyrin chloride was 
discovered by Mr. P. F. Chiu in our group in 2006.^^ In the course of investigating of the 
activation of carbon-halogen bonds in aryl halides, he found that Rh(ttp)Cl reacted with 
fluorobenzene in the presence of 10 equivalents of NaOH to give Rh(ttp.)Ph in 48% yield 
(eq 2.1). The C-F bond in fluorobenzene, the least reactive halobenzene, has been cleaved. 
This finding has led to the systematic studies of C-F activation of fluoroarenes in this 
thesis. 
120 °C, N2, 12 h 
Rh(ttp)CI + CeHgF 
10 equiv NaOH 
Rh(ttp)Ph (2.1) 
4 48% 
2.2 Preparation of Starting Materials 
2.2.1 Synthesis of Porphyrins 
Tetratolylporphyrin (Hittp) and tetraphenylporphyrin (Hatpp) were synthesized 
directly from the reactions of the corresponding aldehydes and pyrrole in refluxing 
propanoic acid for 30 minutes (eq. 2.2).54 
X 
A D 
U + O P — cacid • (2.2) 
N reflux, 30 min 
X = H, H2tpp 17% 
u X = Me, Hzttp 17% 
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2.2.2 Synthesis of Rhodium(III) Porphyrins 
Rh(por)Cl was prepared from the reaction of 1.5 equiv of RhCb.xHsO with 1 
equiv of porphyrin in refluxing benzonitrile for 3 hours (eq. 2.3) 52 
H2por + RhCl3.H20 
PhCN 
reflux, 3 h 
Rh(por)CI 
por = tpp, 68% 
por = ttp, 70% 
(2.3) 
2.3 Base Effect ofCFA 
As the successful C-F activation was carried out initially with 10 equivalents of 
NaOH in fluorobenzene both as the solvent and reagent, so a series of bases was screened 
to search for the optimized base in the reaction Rh(ttp)Cl with PhF at 120 for 1 d. (eq. 
2.4’ Table 2.1). 
Rh(ttp)CI + PhF — 
(0.018M) (500 equiv) 
120 C, N2, 1 d 
10 equiv Base 
Rh(ttp)Ph + Rh(ttp)-o-C6H4F + Rh(ttp)-p-C6H4 
4 5a 7a 
(2.4) 
Table 2.1 Base Effect of the CFA with Rh(ttp)Cl. 
Entry Base 




Yield / % 
o-CHA 5a p-CHA 7a 
Yield / 0/0 Yield / % 
Total 
Yield / 0/0 
1 none N.A. 0 0 18 18 
2 NaiCOs 10.3 complex mixtures 
3 K2CO3 10.3 complex mixtures 
4 AgzCOs 10.3 0 6 13 19 
5 NaOH 13.8 40 trace 0 40 
6 KOH 13.5 63 trace 0 63 
7 KO'Bu 17.0 complex mixtures 
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Without any base added, the p-CHk product 7a was obtained in a low yield of 
18%. Weaker bases like NazCO and K2CO3 did not give any product 4, 5a 7a, Rh(ttp)H 
or Rh2(ttp)2 from the analysis of the crude reaction mixture by both TLC and 'H NMR, 
but only gave complex reaction mixtures (Table 2.1 entries 2 and 3). AgiCOs promoted 
the o-CHA and /7-CHA without any CFA (Table 2.1 entries 4). These results were 
similar to Ogoshi's report on the electrophilic aromatic substitution of chlorobenzene 
with Rh(oep)Cl and AgClCU (Chapter 1, Scheme 12)4' Likely an electrophilic Rh(ttp) 
cation is generated by the reaction of Rh(ttp)Cl with Ag cation and then the electrophilic 
aromatic substitution products result. 
On the other hand, the stronger bases such as NaOH and KOH showed a higher 
selectivity in promoting the CFA with KOH giving a higher product yield in 63% (Table 
2.1 entries 5 and 6). Both bases gave a trace amount of the o-CHA product 5a, which 
was detected by TLC analysis in the crude mixture but was isolated in less than 5% yield. 
Therefore KOH was chosen as the optimal base for further CFA reactions. 
The effect of KOH loading for CFA reactions has also been examined and Table 
2.2 lists the results. A lower loading of KOH of 2 or 5 equivalents gave Rh(ttp)Ph 4 in 30 
and 48%, respectively (Table 2.2, entries 1 and 2). 10 equivalents of KOH gave 4 in a 
higher yield of 63% while 20 equivalents of KOH produced a lower yield of 4 in 42%. 
Recently a report from our group showed that a higher loading of KOH in high 
temperature of 200 caused the lowering yield in the benzylic CHA of toluene by 
iridium porphyrins. The decomposition of an iridium porphyrin intermediate is 
p r o p o s e d . 5 6 Such effect likely operates in this CFA by rhodium porphyrins. Therefore 10 
equivalents of KOH was found to be the optimal amount. 
Rh(ttp)CI PhF 
120 °C, N2, 1 d 




Table 2.2 Effect of Amount of KOH in CFA 





2.4 Solvent Effect of CFA 
Since Rh(ttp)Cl dissolved sparingly in fluorobenzene even at elevated 
temperature, a suitable solvent was therefore searched to improve the solubility. Benzene 
was found to enhance the solubility of Rh(ttp)Cl and increase the yield of the CFA 
reaction (Table 2.3). 
To rule out the possibility of direct C-H activation of benzene, fluorobenzene was 
reacted with Rh(ttp)Cl in benzene-<4 with 10 equivalents of KOH. Only Rh(ttp)Ph in 
50% yield was obtained without any Rh(ttp)Ph-df5. Since Rh(ttp)Cl in benzene with KOH 
(10 equiv) at 120 C in 1 day did not give any Rh(ttp)Ph 4 (Table 2.3 entry 1) and 
Rh(ttp)C6H5 in CeDe with KOH (10 equiv) at 120 C in 1 day did not exchange to give 
any Rh(ttp)C6D5, so benzene could be used as the solvent as no CHA reaction with 





120 °C, N2 
d, lOequiv KOH 
Rh(ttp)Ph 
4 5 0 % 
(2.6) 
(1.8M) (500 equiv) 
Though Rh(ttp)Cl dissolved well in THF, complex reaction products formed. 
Therefore benzene was used as the solvent for subsequent studies (eq. 2.7 Table 2.3). 
CeHe, 120°C, N2, 1d 
Rh(ttp)CI C«H 6^ 5' 




Table 2.3 Solvent Effect of the CFA reactions 









3 50 0.9 61 0 
4 100 1.8 77 0 
5 100 3.6 72 0 
6 500 6 68 0 
7 500 11 43 trace 
Table 2.3 lists the result of the concentration effect of C6H5F in benzene. The 
product yield increased with the fluorobenzene concentration with the maximum yield of 
4 obtained in 1.8 M. Higher concentration proves to be inferior possibly due to poor 
solubility of Rh(ttp)Cl in the reaction media. In a high concentration of C6H5F (11 M) in 
benzene (Entry 7), trace amount of the o-CHA product 5a was observed in the reaction 
mixture by TLC analysis only after 6 hours. However, the CFA product formed within 4 
hours and the amount appeared to increase slowly with time as observed in the intensity 
of the TLC analysis of the crude mixture. 
2.5 Temperature Effect of CFA Reaction 
The temperature effect was investigated by the reaction of 1,4-difluorobenzene 
with Rh(ttp)Cl added with KOH (10 equiv) (eq 2.8 Table 2.4). Little reaction occurred at 
80 (Table 2.4, entry 1). The total product yields increased from 100 to 150 with its 
maximum at 120 C (Table 2.4, entry 3). At 200 C’ the product yield decreased slightly 
(Table 2.4, entry 5). 
At 80 only 8% yield of CFA product 7a formed (Table 2.4, entry 1). A higher 
ratio of CHA product 7b to CFA product 7a formed at 100 °C in 2 days.(Table 2.4, entry 
2). At 120 the yield of CFA product 7a increased and the ratio of CFA product to 
CHA product 7b were 3:2. At 150 and 200 CFA product 7a formed exclusively in 
around 70% (Table 2.4 entries 4 and 5). The results indicate that CFA is favored by high 
temperature. CHA product 7b was formed at 100 and 120 together with CFA product. 
A 500 equiv CeHe, “ , 
10 equiv KOH, 1^ 2 ^ ^ 
Rh(ttp) 
Rh(ttp)CI 
(0.018M) Y F 
7a 
V Temp, Time 
F 
(1.8M) 7a 7b 
Table 2.4 Temperature of Activation of 1,4-Difluorobenzene by Rh(ttp)Cl 
(2.8) 
Entry Temp / Time / h CFA 7a Yield / 
o/o 
CHA 7b Yield / 
% 
Total Yield / % 
1 80 168 8 0 8 
2 100 48 15 34 49 
3 120 24 48 30 78 
4 150 10 76 0 76 
5 200 5 69 0 69 
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2.6 Activations of Fluorobenzenes 
The optimized reaction conditions with fluorobenzene at 120 in KOH (10 
equiv) were successfully applied to the reactions of various fluorobenzenes with 
Rh(ttp)Cl and eq. 2.9 and Table 2.5 list the results. Aromatic bond activations occurred to 
give both CFA and or oselective CHA products. The CFA products are the major 
products with higher total yields. For the activation reactions of the difluorobenzenes, the 
CFA products yields were generally the same (42-53%, Table 2.5, entries 2-4). The 
reactivity of the fluorobenzenes increased with more fluorosubstituted arenes as observed 
in the faster formation of the CFA products by TLC analysis. For instance, the CFA 
product 9 formed at about 3 hours in activation of hexafluorobenzene while it took about 
4 hours for the CFA product 4 to form in the activation of fluorobenzene. 
All the C-H activation products are or//zo-selective to fluorine substituents. The o-
CHA products have similar yields in 20% to 31% (Table 2.5, entries 2-5). Exclusive C-H 
activation was observed in the pentafluorobenzene even when there are 5 C-F bonds 
compared to 1 C-H bond. This may due to the high acidity of hydrogen resulted from 5 
electrowithdrawing fluorine groups. 
Rh(ttp) Rh(ttp) 
^ F n 10 equiv KOH. CeHe X I 
Rh(ttp)CI + [ [ + I n (2.9) 
^ 1d,120 C,N2 ^ ^ 
( • ) io( CFA o-CHA 
The structures of the products in 5a to 8a were ascertained by '^F NMR. There is 
only 1 fluorine signal in the 4 CFA products in 5a to 8a. The fluorine signals in 5a, 6a 
and 7a resonate at -45.2, -53.4 and -62.5 ppm, respectively. The fluorine signal in 8a falls 
Table 2.5 Activation of Fluorobenzenes by Rh(ttp)Cl 
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at -52.9 ppm which agrees that of the w-isomer 6a. 6b shows a single peak at -37.7 ppm. 
Likewise, there are two fluorine signals for 7b and 8b. The structures of the o-CHA 
products can also be further consistent with observed coupling constant. 5b shows Vf-f 
of 22.2 Hz for the two fluorine substituents in the 1,2 positions. Table 2.6 lists the 
coupling constants for 6b. The hydrogen-fluorine coupling constant obtained in NMR 
are within the range in the literature (^ JH-F = 6 -10 Hz, J^H-F = 4 - 8 Hz).^^ In an earlier 
report in our group, the J^c-Rh and ' Jc-f of the 4-FC6H5CORh(ttp) values are 20.9 and 21.6 
Hz, respectively,^^ which agree with the coupling constant obtained in 6b. 
Table 2.6 Various Coupling Constants of Product 6b 
Type of Coupling Jh-h ”H-F 4Jh-f IJc-Rh •Jc.f 





( t t p ) R h - ^ ^ 
19F NMR 
Figure 2a Partial 'H, '^C and '^F NMR spectra of 6b. 
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2.7 Electronic Effect of Carbon-Fluorine Bond Activations 
To gain further quantitative understanding of the relative reactivities and 
electronic effect of the carbon-fluorine bond activations of fluorobenzenes, competition 
experiments were carried out using an equimolar mixture of two fluorobenzenes (eq. 2.10 
Table 2.7). 
Rh(ttp) 
^ / m lOequiv. KOH, CsHe ^ 
Rh(ttp)CI . • 
(0.018M) (0.9M) (0.9M) 
/ r ^ A l O e q u i v . KOH, CQHQ , ^ 
f n + y n (2.10) 
All the competition experiments gave similar yields of CFA products (51-61 %) 
without any CHA products. The more electron-deficient fluoroarenes appeared to be 
more reactive. Both hexafluorobenzene and 1,2-difluorobenzene are more reactive than 
fluorobenzene (Table 2.7 entries 1 and 2). Among the difluorobenzenes, the electron-
withdrawing effect of fluorine also controls the reactivity. The reactivity order follows: 
1,2-difluorobenzene > 1,3-difluorobenzene > 1,4-difluorobenzene in line with the 
Hammett constant (w-fluorine = 0.33 p-fluorine = 0.15).1 The o-substitutent does not 
have a reported experimental literature value but only a computed theoretical value of 
0.26.59 
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Tab le 2.7 Competition Reactions of Fluorobenzenes 
Entry ArF ArF CFA Yield / % 




























2.8 Preliminary Mechanistic Studies 
2.8.1 Activation of Fluorobenzene 
The reaction of Rh(ttp)Cl with 1,4,-difluorobenzene with KOH (10 equiv) in CsDe 
at 120 was carried out in an NMR tube and monitored by 'H NMR spectroscopy. 
After 1 hour, Rh(ttp)Cl completely reacted and Rh2(ttp)2 (pyrrole signal at 8.64 ppm) 
formed in 68% calibrated with the internal standard residual benzene in CeDe. Then after 
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an hour the Rh2(ttp)2was consumed to give Rh(ttp)" (pyrrole signal at 8.47 ppm) in the 
third hour of reaction. Then CFA product 7a formed slowly with the consumption of the 
Rh(ttp)- (Figure 2b). 
8 
Tlme/h 
12 14 16 
Figure 2b Progress ofNMR Tube Reaction of Rh(ttp)Cl with 1,4-Difluorobenzene 
Time = 1 h Rh2(ttp)2 
.A L 
Time = 5h Rh(ttp)-
/V 
J V •^ ^^ •A^ . y 
y 
. y 
Time = 24 h 7a 
A . 
fJM 
Figure 2c Partial NMR Spectra of The Activation of 1,4-DifIuorobenzene 
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To gain further insight on the formation of Rh2(ttp)2 the Rh(ttp)Cl was reacted 
with KOH (10 equiv) in "6-benzene. Indeed Rh2(ttp)2 was formed in 60% yield at a lower 
temperature of 90 in 1 hour (eq. 2.11). 
p n 10 equiv KOH ^o -hn 
Rh(ttp)CI + CQDQ ^ Rh2(ttp)2 (2.11) 
1h. 90 C 
(0.018M) 3 60% 
The formation of Rh2(ttp)2 from Rh(ttp)Cl probably comes from another 
intermediate, Rh(ttp)H. In fact, Ir(ttp)(CO)Cl is reported to give Ir(ttp)H in the reaction 
with toluene, a hydride source, with CS2CO3 (20 equivalents) in b e n z e n e - a t 150 °C (eq. 
2.12). Then Ir(ttp)H slowly yields the Ir2(ttp)2 in 150 in benzene-J^ via 
dehydrogenative dimerization (eq. 2.13).^^ So the transformation of Rh(ttp)Cl to Rh2(ttp)2 
likely involves the formation of a Rh(ttp)H intermediate which is not observable in 
strongly basic media by 'H NMR. 
_ CS2CO3 (20 equiv), CeDe 
lr(ttp)CI(CO) + Phi3CH3 - 1 — 1 ' > lr(ttp)H (2.12) 
50 equiv 150 °C, 30 min g^o/^  
CeDe 
2lr(ttp)H ^ lr2(ttp)2 + H2 (2.13) 
1.5 h. 150 °C 2 
Therefore, there are three rhodium porphyrin intermediates generated in the 
course of the reaction: Rh(ttp)H Rh2(ttp)2 and Rh(ttp)" which are likely in equilibrium. 
Further identification of the direct involvement of these species in CFA was carried out 
by independent experiments. 
41 
2.8.2 Reactivity of Rh(ttp)H with Fluorobenzene 
Rh(ttp)H was synthesized independently in 65% yield according to the literature 
method via reductive protonation of Rh(ttp)Cl with NaBH^HCl (eq. 2.14).^° 
Rh(ttp)CI 1.NaBH4/NaOH, EtOH, 70 C, N, u (2.14) 
2. HCI, 15min, 0 ° C 
Rh(ttp)H 
2 65% 
Rh(ttp)H was then reacted with 1,4-difluorobenzene in both neutral or basic as 
well as in solvent or solventless conditions. The reaction with KOH at 120 gave both 
the C-F activation product 7a and the C-H activation product 7b (Table 2.8, entries 1 and 
3). However, unidentified complex mixtures formed in the absence of KOH (Table 2.8 
entries 2 and 4). Therefore, Rh(ttp)H is not the active intermediate for CFA and CHA. 
The pKa of Rh(tpp)H in dimethyl sulfoxide at 25 is reported to be around 1 s o it is 
reasonable to estimate the pK^ of the proton in Rh(ttp)H is around 11. Thus Rh(ttp)H is 
likely deprotoned by KOH to give Rh(ttp)" responsible for both CFA and CHA. 









Table 2.8 Reaction of Rh(ttp)H with 1,4-Difluorobenzene 
Entry Base /lO equiv Solvent 7a Yield / % 7b Yield / % Total Yield / % 
1 KOH nil 33 9 42 
2 nil nil 0 0 0 
3 KOH CeHe 45 33 78 
4 nil CeHg 0 0 0 
2.8.3 Reactivity of Rh2(ttp)2 with Fluorobenzenes 
Rh2(ttp)2 was also independently synthesized by photolysis of Rh(ttp)H according 
to the procedure by Wayland et al. in 1986. Activation reactions occurred only in the 
presence of KOH with both 7a and 7b formed in 32 and 24%, respectively (eq. 2.16.) No 
7a or 7b was observed in the absence of KOH (eq 2.17). Therefore Rh2(ttp)2 is not the 
intermediate responsible for bond activations. Likely, Rh2(ttp)2 is converted to Rh(ttp)' 
and possibly Rh(ttp)OH. Rh(ttp)OH then reacts with PhH to give Rh(ttp)H and Rh(ttp)' 







lOequiv KOH. Cg 
1 d, 120 OQ, N2 
Rh(ttp) F 














1d, 120 °C. N2 
unknown mixtures (2.17) 
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Rh2(ttp)2 + KOH 
Rh(ttp)OH + PhH 
Rh(ttp)_K+ + Rh(ttp)OH 
Rh(ttp)H + "PhOH" 
Scheme 21. The Proposed Reactions of Rh2(ttp)2 with KOH 
Since Rh2(ttp)2 was slowly converted to Rh(ttp)' anion in the course of the 
activation reaction as observed by 'H NMR spectroscopy (Figure 2c), Rh(ttp)" is likely 
an active intermediate for the CFA and CHA. 



















Scheme 22. Proposed Mechanism of Activation of Fluorobenzenes 
Scheme 22 depicts the proposed mechanism. Initially, Rh(ttp)Cl undergoes ligand 
substitution with KOH to give Rh(ttp)OH. Rh(ttp)OH reacts rapidly with PhH to generate 
Rh(ttp)H and PhO'K^. However, the detection of phenol by GC-MS after neutralization 
of the reaction mixture by HCl was not successful as the amount of them may be too little 
to be observed. Rh(ttp)H then is equilibrating with Rh(ttp)' and Rh2(ttp)2 in basic media at 
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high temperature. Finally, an aryl fluoride undergoes CFA and CHA reactions with 
Rh(ttp)" to give Rh(ttp)Ar via SnAf pathways. 
2.9.1 Attempted Synthesis of Rh(ttp)OR 
As the proposed intermediate, Rh(ttp)OH was not directly observed (Scheme 21, 
step I), we attempted to synthesize Rh(ttp)OR independently from the reaction of 
Rh(ttp)Cl with using sterically bulky alkoxide. However, Rh(ttp)Cl was consumed by 
RO" to give undefined complex mixtures (Table 2.9 eq. 2.18). Rh(ttp)OR might have 
been synthesized but likely is very reactive and reduced by PhH rapidly to yield Rh(ttp)H 
and Rh2(ttp)2 in the absence of an electrophile, flouoroarene. Rh(ttp)H or Rh2(ttp)2 
formed are possibly decomposed by base. 
N2 
Rh(ttp)CI MOR 
120 °C. Time 
Rh(ttp)OR (2.18) 
Table 2.9 Attempted Synthesize of Rh(ttp)OR 










NaOAr = Sodium 3,5-di-/er^butylphenoxide 
2.9.2 Independent Method of Generation of Rh(ttp)' 
Rh(ttp)' was directly observed by ^H NMR in the course of CFA reaction (Section 
2.8.1) and formed from the reaction of Rh(ttp)H with base (Section 2.8.2). In addition, 
45 
independent method of generation of Rh(ttp)" was carried out to further ascertain the 
intermediacy. Rh(ttp)R (R = Me, SiEt was reacted separately with fluorobenzene in the 
presence of 10 equivalents of KOH to generate Rh(ttp)" and examine its reactivity 
towards fluoroarene.(eq. 2.19 Table 2.10). 
^ solvent, 10 equiv KOH 
Rh(ttp)R + CeHsX Rh(ttp)R 
time, 120 C, N2 
Table 2.10 Reactions of Rh(ttp)R with Fluorobenzene 
Rh(ttp)Ph + Rh(ttp)-o-C6H4F (2.19) 
5a 
Entry R X solvent time Recovery 4 yield 5a yield Total yield 
yield / % / % / % / % 
1 Me F C6H6 4d 66 10 0 76 
2 Me H none 3d 78 0 0 78 
3 SiEts F C6H6 2d 0 40 18 58 
4 SiEt3 H none 3d 69 0 0 69 
Both Rh(ttp)Me and Rh(ttp)SiEt3 were thermal stable at 120 with 10 
equivalents of KOH in benzene (Table 2.10, entries 2 and 4). With the addition of 
fluorobenzene, Rh(ttp)R consumed slowly. Small amounts of Rh(ttp)Me were consumed 
to generate 10% yield of CFA product 4 via Rh(ttp)' which then reacts with 
fluorobenzene (Table 2.10, entry 1). Rh(ttp)SiEt3 was completely consumed in 2 days 
and gave both CFA product 4 and CHA product 5a (Table 2.10, entry 3). Complete 
convertion of Rh(ttp)' from Rh(ttp)SiEt3 likely occurred to give both CFA and CHA 
products. 
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In step V, nucleophilic aromatic substitution (SwAr) can proceed either by (1) 
addition-elimination (step Va) or (2) elimination-addition via a benzyne intermediate 








Scheme 23. Two SwAr Pathways ofCFA. 
2.9.3 Isotope Effect of C-F and C-H Activations 
Measurements of the kinetic isotope effect were carried out by the reaction 
between Rh(ttp)Cl or Rh(ttp)H and the pre-mixed equimolar mixture of fluorobenzene 
and fluorobenzene-J5 at 120 °C with 10 equivalents of KOH. The C-F and C-H activation 
products were isolated by column chromatography and the ratio of C-F and C-H 
activation products were determined by the ratio between p-pyrrole signals in 'H NMR 
spectroscopy (eq. 2,20). 
Rh(ttp) 
r r ^ / r r ^ 120 °C, N,. 1d , 
Rh(ttp)X 
( f / ^ 2
1 . 0 : 1.0 
lOequiv KOH 
Rh(ttp) 
•H5/D5 + T (2.20) 
X=CI H : D = 1.0 (20%) X=CI H : D = 4.2 (17%) 
1.0(20%) 1.0(4%) 
X=H H : D = 1.0(19%) X=H H : 0 = 3.7(15%) 
:1 .0 (19%) 1.0 (4%) 
The isotope effect (Ich/M of the C-H activation product was determined to be 4.2 
for Rh(ttp)Cl and 3.7 for Rh(ttp)H by 'H NMR. The values are consistence with the 
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values obtained in HRMS which determined to be 3.7 for Rh(ttp)Cl and 3.6 for Rh(ttp)H. 
The KIEs for the CFA products were determined to be 1.0 for both Rh(ttp)Cl and 
Rh(ttp)H by 'H NMR. Therefore, no CH cleavage step is involved in the rate-determing 
step. The CFA likely operates through an addition-elimination pathway (Va) but not via a 













Scheme 24. The Proposed Addition-Elimination SwAr Pathway. 
Further supporting evidence for the addition-elimination process comes from at 
least the regioselective formation of 6a and successful CFA of hexafluorobenzene. As no 
7a formed, occurrence of a benzyne, which would give both 6a and 7a in activation of 
1,3-difluorobenzene is not likely. And as no CH bond is present in hexafluorobenzene, 
no CH cleavage is involved. 
2.10 Proposed C-H Activation Mechanism 
The KIEs for the CHA products were determined to be 4.2 from Rh(ttp)Cl and 3.7 
from Rh(ttp)H by 'H NMR. Therefore, CH bond cleavage step is involved in the rate-
determing step. As the elimination step of CHA involves the CH bond cleavage, the CHA 
likely operates through an addition-elimination pathway (Va) (Scheme 25). 
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Scheme 25. The Proposed Addition-Elimination SnAf CHA Pathway. 
If the CHA reaction process via the elimination-addition pathway (Vb), the 
intermediate benzyne would result in two isomers. However, the CHA reactions are 
regioselective and produce only ipso products which are unlikely the sole regioselective 
products from the elimination-addition SnAr pathway (Vb) (Scheme 26), 
Rh(ttp)-K+ 




Scheme 26. The Proposed Elimination-Addition SisiAr Pathway. 
2.10.1 Kinetic And Thermodynamic Products of CFA and CHA 
To gain an idea of the kinetic and thermodynamic stability of the CHA product, 
the CHA product 7b was heated at the high temperature of 200 °C for 4 d with or without 
KOH. (eq. 2.21 Table 2.11) The CHA product 7b is thermally stable as the majority of 
7b was recovered. However, 7b was unstable in the presence of KOH and 1,4-
difluorobenzene. 7b was transformed into 7a in an intermolecular way. 7b reacts with 
KOH to give Rh(ttp)' which then reacts with 1,4-difluorobenzene to give 7a. Therefore 
the C-F activation product 7a is the thermodynamic product (Scheme 27). However, the 
detection of the 2,5-difluorophenol after neutralizing the reaction mixture with HCl was 
not successful, possibly due to its low concentration. This pathway is the reverse of the 
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addition-elimination SwAr pathway for CHA by the principle of microreversibility, the 














Table 2.11 Thermal Reactions of Selected C-H activated Product 
Entry ArH Base 7b Recovery Yield/% . 7a Yield/% 
1 C6H6 KOH 
2 C6H6 nil 
3 1,4-difluorobenzene KOH 















( w h F 
7a 
Scheme 27. The Convertion of CHA Product 7b into CFA Product 7a 
To further confirm the transformation of CHA product 7b into CHA product 7a 
was an intermolecular reaction, hexafluorobenzene was reacted with 7a in 200 with 
KOH (eq. 2.22). The CFA product 9 was obtained in 23% yield from hexafluorobenzene 
with 66% yield of 7b recovered. Indeed, 7b was converted to Rh(ttp)" by KOH to give the 
CFA product 9. 
Rh(ttp) 
A ^ f lOequiv KOH 
Rh(ttp) 
7b 
200 C,4d, N2 F ^ Y ^ 
(2 .22) 
F 
(500 equiv) 23% 
The conversions of C-H activation products into C-F activation products require a 
higher temperature of 200 °C in at least 4 days. Figure 2d deplicts the energy-level profile 




Rh(ttp)- \ A ^ R h ( t t p ) 
Reaction Coordinate 
Figure 2d. Potential Energy Level Diagram of 7a and 7b 
2.10.2 Ortho Selectivity ofC-H Activation 
The ortho selective CHA of halobenzene has been proposed to be chelation-
assistance (Chapter 1, Scheme 15).44 To prove whether an ortho-diXy\ fluorine substituent 
can coordinate to the rhodium atom, single crystal of 4 were grown for gaining structural 
information (Figure 2e). 
Table 2.12 Seclected Bond Distances ( A ) and Angles (deg) for Rh(ttp)R 
Entry Rh(ttp)R Rh-Ca length / A Rh-Ca-Cp bond angle /deg 
r Ph4 
2 C6H4(o-F) 5a 








a: From Mr. P. F. Chiu's Thesis 
Rh-Ca-Cp bond angle 
\ Rh(ttp) 
Figure 2f. The Rh-Ca-Cp Bond Angle of Rhodium Aryl Complexes 
Table 2.12 lists the selected bond lengths and angles for 4 5a and 7a. The Rh-Ca 
bond distance in 5a is larger than 4 and 7a (Figure 2f). The fluorine atom does not appear 
to coordinate to the rhodium atom. These data clearly indicate that the fluorine atom in 
the a-carbon of 5a does not have any attractive interaction with the rhodium centre.^' 
Electron repulsion exists between the fluorine and rhodium atoms as indicated by the 
larger Rh-Ca-Cp bond angle. Furthermore, the rhodium-fluorine distance is 3.29 A and is 
also larger than the sum of the van der Waal radius of the two atoms (3.15 A) ." 
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Figure 2e ORTEP of complexes CeHsRMttp) 4, (o-F)C6H4Rh(ttp) 5a and {p-
F)C6H4Rh(ttp) 7a showing the atomic labeling scheme and 30 % 
probability displacement ellipsoids. 
Alternatively, the ortho C-H activation may involve the pre-coordination of 
Rh(ttp)' or less likely Rh(ttp)H with the fluorine atom in fluorobenzene as it was found 
that the rates of formation and yields of 5a are dependent on the concentration of 
flouorobenzene (Table 2.3). All the CHA products formed slower than the CFA products 
in the reactions between Rh(ttp)Cl with fluoroarenes in the presence of 10 equivalents 
KOH. Therefore, pre-coordination with the ortho-CW bond may exist. The hydrogen 
ortho to fluorine is the most acidic as the influence of strong electron-withdrawing 
inductive effect of fluorine.64 Desiraju et al^ ^ studied the solid state structures of 
fluorobenzene and found that there are C-H F interactions in the structures of 
fluorobenzene (Scheme 28). This weak hydrogen bonding indicated that fluorine can 




W F F 
H y ^ H / 
Scheme 28. The Hydrogen Bonding in Various Types of Fluorobenzene 
Likewise, the electron-rich Rh(ttp)" may also interact with the ortho C-H bond of 







Scheme 29. o-CHA of Fluorobenzene by Rh(ttp)' 
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Indeed, the electron-deficient aromatic, pyridine, is well-known to undergo an 
SfviAr pathway to give 2-^BuPy and LiH in organic chemistry (eq. 2.23).^^ 
f-BuLi ether, 1d r T ^ LiH 
-78°C-r.t. f-Bu ^ N ^ f - B u (2.23) 
© L i 
© (67%) 
2.11 Summary 
Competitive aromatic C-F and C-H activation reactions of fluorobenzenes were 
successfully carried out with rhodium(III) porphyrins in basic conditions to give the 
corresponding rhodium(III) porphyrin aryl complexes. Both the CFA and CHA reactions 
occur via the nucleophilic aromatic substitution SwAr via the addition-elimination process 
with Rh(ttp)- intermediate. The CHA products are or//?o-selective which are likely due to 
the pre-coordination effect of Rh(ttp)' to the hydrogen ortho to fluorine atom. 
Chapter 3 Experimental Section 
3.1 General Procedures 
Unless otherwise noted, all reagents were purchased from commercial suppliers 
and directly used without further purification. Hexane was distilled from anhydrous 
calcium chloride. Benzene and toluene were distilled from sodium. Thin layer 
chromatography was performed on pre-coated silica gel 60 F254 plates. Silica gel (Merck, 
70-230 mesh) were used for column chromatography. All bond activation reactions were 
carried out inside thich-wall glass tubes equipped with a Rotaflo stopper. The glass tubes 
were covered by aluminum foil to avoid photochemical reactions. 
3.2 Experimental Instrumentation 
'H NMR and '^C NMR spectra were recorded on a Bruker DPX-300 at 300 MHz 
or Bruker DPX-400 spectrometer at 400 MHz and Bruker DPX-300 at 75 MHz or Bruker 
DPX-400 at 100 MHz respectively. Chemical shifts were referenced to the residual 
solvent protons in CeDe (S = 7.15 ppm), CDCI3 {S = 7.26 ppm) or tetramethylsilane {S = 
0.00 ppm) in 'H NMR spectra and CDCI3 (S = 77.16 ppm) or THF-Jg (S = 67.03 and 
25.14 ppm) in '^C NMR spectra as the internal standards. Chemical shifts (S) were 
reported as part per million (ppm) in (^) scale downfield from TMS. ^^ F NMR spectra 
were recorded on a Varian XL-400 spectrometer at 376 MHz. Chemical shifts were 
referenced with the external standard fluorine in C6H5CF3 using a sealed melting point 
tube and put into the NMR tube = 0.00 ppm). Chemical shifts (S) were reported as part 
per million (ppm) in (S) scale downfield from CyHsFs.^^ Coupling constants (J) were 
reported in Hertz (Hz). 
High resolution mass spectra (HRMS) were recorded on a ThermoFinnigan MAT 
95 XL mass spectrometer. Fast atom bombardment spectra were performed with 3-
nitrobenzyl alcohol (NBA) as the matrix. 
3.3 Independent Syntheses of Starting Materials 
Preparation of Tetratolylporphyrin (Hzttp).^ '^  Pyrrole (23.5 mL 0.34 mol) was added 
dropwise to a refluxing solution of tolylaldehyde (40.8 g, 0.34 mol) in propionic acid 
(1.25 L). The resulting mixture was refluxed for another 30 min. The black solution was 
then cooled down to room temperature and methanol (1.5 L) was added to precipitate the 
porphyrin. The purple solid (3.89 g 0.058 mol, 17%) was collected by filtration and 
further purified by recrystallization from CHCb/MeOH. R, = 0.91 (hexane/CHzCb = 
1:1). 'H NMR (CDCI3 300 MHz) 5 -2.78 (s, 2 H) 2.71 (s, 12 H), 7.56 (d 8 H,J= 7.8 
Hz), 8.10 (d 8 H J = 7.8 Hz), 8.85 (s 8 H). 
Preparation of Tetraphenylporphyrin ( H z t p p p Pyrrole (23.5 mL, 0.34 mol) was 
added dropwise to a refluxing solution of benzadehyde (35 mL, 0.34 mol) in propionic 
acid (1.25 L). The resulting mixture was refluxed for another 30 min. The black solution 
was then cooled down to room temperate and MeOH (1.5 L) was added to precipitate the 
porphyrin. The purple solid (3.92 g, 0.063 mol, 17%) was collected by filtration and 
further purified by recrystallization by CHCh/MeOH. R / = 0.91 (hexane/CHzCb = 1:1). 
'H NMR (CDCI3, 300 MHz) 5 -2.78 (s 2H), 7.75 (dd 8 H, J = 2.0, 7.8 Hz), 8.23 (dd, 8 
H,J= 2.0, 7.8 Hz), 8.93 (s 8 H). 
Preparation of Chloro[5,10,15,20-tetratolyllphenylporphyrinato]rhodiuiii (III) 
Rh(ttp)Cl" RhCl3«xH20 (206 mg 0.78 mmol) was added to a mixture of 5,10,15,20-
tetratolylporphyrin (356.4 mg, 0.53 mmol) in benzonitrile (30 mL) and then was refluxed 
for 3 h. After removal of the solvent under vacuum, the residue was purified by silica gel 
column chromatography with CH2CI2 as eluent. The red band was collected to give a red 
solid which was further recrystallized from CHzCb/MeOH. A red solid was collected by 
filtration and vacuum dried for 2 h at 70 to give Rh(ttp)Cl (300 mg, 0.372 mmol, 
70%). R /= 0.31 (hexane/CHzCb = 1:1). 'H NMR (CDCI3 300 MHz) 5 2.71 (s, 12 H), 
7.55 (d’ 8 H, J = 7.8 Hz), 8.08 (d, 4 H,J= 7.2 Hz), 8.13 (d, 4 H, J = 7.2 Hz), 8.94 (s 8 
H). 
Preparation of Chloro[5 10 15 20-tetratolylphenylporphyrinato] rhodium (III) 
Rh(tpp)CI." RhCl3'xH20 (206 mg, 0.78 mmol) was added to a mixture of 5,10,15,20-
tetratolyphenylporphyrin (375.4 mg, 0.533 mmol) in benzonitrile (30 mL). After refluxed 
for 3 h, the solvent was removed under vacuum. The residue was purified by silica gel 
column chromatography with CH2CI2 as eluent. The major red band was collected. After 
removal of CH2CI2 by rotary evaporation, the residue was recrystallized from 
CHsCb/MeOH. A red solid was collected by filtration and then vacuum dried for 2 h in 
70 C to give the red solid of Rh(tpp)Cl (300 mg, 0.372 mmol, 68%). R, = 0.30 
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(hexane/CH2Cl2 = 1:1). 'H NMR (CDCI3, 300 MHz) 6 7.75 (dd, 8 H, J = 2.0, 7.8 Hz), 
8.23 (dd, 8 H , y = 2.0, 7.8 Hz), 8.93 (s, 8 H). 
Preparation of (5,10,15,20-tetratolyIporphyrinato)hydridorhodium(III), Rh(ttp)H" 
A suspension of Rh(ttp)CI (100.0 mg, 0.12 mmol) was dissolved in EtOH (40 mL) and a 
solution of NaBH4 (16.6 mg, 0.44 mol) in aq. NaOH (0.1 M, 2 mL) were purged with N2 
for 15 min separately. Then the NaBH4 solution was then added to the solution of 
Rh(ttp)Cl via a cannular under N2. The mixture was heated at 50 C for 1 h under N2 
giving a brick red suspension. After cooling to 0 C under N2 for 15 min, HCl was added 
(0.1 M, 30 mL) via a cannular and a bright red suspension resulted. The red solid was 
filtered and washed with H2O ( 2 x 1 0 mL) under N2 using a cannular wrapped with filter 
paper. After vacuum-dried at 70 for 1 h, a red solid of Rh(ttp)H (57.0 mg, 0.71 mmol, 
58 %) was obtained. 'H NMR (CeDe, 300 MHz) 5 -40.19 (d 1 H, J =43 .5 Hz), 2.42 (s, 
12 H), 7.24 (d, 4H,J= 6.9 Hz), 7.37 (d, 4H,J= 7.2 Hz), 7.96 (d, 4H,J= 8.0 Hz), 8.24 
(d ,4H, J = 8 . 1 Hz), 9.03 (s, 8 H). 
General Procedure for Preparation of Rh(ttp)OR. 
A. Rh(ttp)OPh Rh(ttp)Cl (30.0 mg, 0.037 mmol) and 5 equiv of anhydrous NaOPh 
(21.5 mg, 0.185 mmol), freshly prepared from the reaction of Na (4.3 mg, 0.185 
mmol) and PhOH (18.3 mg, 0.185 mmol), were added into benzene (1.5 mL) and 
degassed for three freeze-thaw-pump cycles. After heating at 120 °C under N2 for 3 d, 
the solvent was removed by vacuum. The residue was redissolved in benzene-^/ for 
'H NMR spectroscopy, which indicated that unidentifiable porphyrin species. 
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B. Rh(ttp)O^Bu Rh(ttp)Cl (30.0 mg, 0.037 mmol) and 5 equiv of KO'Bu (20.7 mg, 
0.185mmol) were added into /e"-butanol (1.5 mL) and degassed for three freeze-
thaw-pump cycles. After heating at 120 under N2 for 3 d, the solvent was then 
removed in vacuum. The residue was redissolved in benzene-J^ for 'H NMR 
spectroscopy, which indicated that unidentifiable porphyrin species. 
C. Rh(ttp)ODBPh Rh(ttp)Cl (30.0 mg, 0.037 mmol) and 5 equiv of sodium 3,5-
di^errbutylphenoxide (38.2 mg, 0.185 mmol), freshly prepared from the reaction of 
Na (4.3 mg, 0.185 mmol) and 3,5-di^er^butylphenol (33.9 mg, 0.185 mmol), were 
added into benzene (1.5 mL) and degassed for three freeze-thaw-pump cycles. After 
heating at 120 under N2 for 3 d, the solvent was then removed in vacuum. The 
residue was redissolved in benzene-c/g for 'H NMR spectroscopy, which indicated 
that unidentifiable porphyrin species. 
General Procedure for Preparation of Rh(ttp)R. 
A. Rh(ttp)Me68 Rh(ttp)Cl (100 mg, 0.124 mmol) and K2CO3 (171 mg. 1.24 mmol) was 
added to methanol (3 mL). The mixture was heated at 150 for 1 d, and the solvent 
was removed under vacuum. The crude mixture was purified by silica gel column 
chromatography with a mixture of hexane and CH2Cl2(l:l) as eluent. The red solid 
was recrystallized from CHsCb/MeOH (1:1) and was collected by filtration and 
vacuum-dried for 2 h in 70 °C to give the red solid of Rh(ttp)Me (77 mg, 0.098 mmol, 
79%). R/= 0.70 (hexane/CH2Cl2 = 1:1). 'H NMR (CDCI3, 300 MHz) 6 -5.82 (d, 3 H, 
J = 3.0 Hz), 2.70 (s, 12 H) 7.53 (d 8 H •/= 8.1 Hz), 8.01 (dd 4 H J = 2.1 8.4 Hz), 
8.07 (dd, 4 H J = 2.1, 8.4 Hz), 8.73 (s 8 H). 
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B. Rh(ttp)SiEt3^^ A mixture of Rh(ttp)a (100 mg, 0.124 mmol) in triethylsilane (5 mL) 
was heated at 200 for 3 h. Then the solvent was removed by vacuum. The residue 
was purified by silica gel column chromatography eluting with a mixture of hexane 
and CH2Cl2(l:l) to give Rh(ttp)SiEt3 (97 mg, 0.109 mmol, 88%) which was further 
recrystallized from CHzCb/MeOH. R/= 0.31. 'H NMR (CDCI3, 300 MHz) 5 -3.41 (q 
6 H, J =7.2, 8.7 Hz), -1.35 (t, 9 H, J = 8.7 Hz), 2.68 (s, 12 H), 7.55 (d 8 H,J= 8.1 
Hz), 8.04 (t, 8H, J = 7.8 Hz), 8.65 (s, 8 H). 
General Procedure for Reactions of Rh(ttp)Cl with Fluorobenzene and Various 
Bases 
A. Addition of NaOH. A mixture of Rh(ttp)Cl (30.0 mg, 0.037 mmol), 10 equiv of 
NaOH (14.9 mg, 0.37 mmol) and fluorobenzene (1.5 mL, 0.16 mmol) was degassed 
for three freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. The solvent 
was then removed in vacuum and the residue was purified by silica gel column 
chromatography eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to give 
Rh(ttp)Ph 4 (15.2 mg, 0.018 mmol, 48%). R/= 0.50 (hexane/CHzCb = 1:1). 'H NMR 
(CDCI3, 300 MHz) 5 0.26 (d’ 2 H J = 8.1 Hz), 2.69 (s, 12 H), 4.76 (dt, 2 H J = 1.2 
7.8 Hz), 5.23 (t 1 H,J= 7.8 Hz), 7.52 (dd 8 H,J= 2.0 7.3 Hz), 8.00 (dd, 4 H, J = 
2.1, 8.9 Hz), 8.06 (dd, 4H,J= 2.2 8.7 Hz), 8.76 (s, 8 H). 
B. Addition of KOH. A mixture of Rh(ttp)Cl (30.0 mg, 0.037 mmol), 10 equiv o fKOH 
(20.8 mg, 0.37 mmol) and fluorobenzene (1.5 mL) was degassed for three freeze-
thaw-pump cycles and heated at 120 under N2 for 1 d. The solvent was then 
removed in vacuum and the residue was purified by silica gel column 
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chromatography eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to give 
Rh(ttp)Ph 4 (15.2 mg, 0.018 mmol, 48%) and a trace amount of (o-F)(C6H4)Rh(ttp) 
5a, R /= 0.58 (hexane:CH2Cl2= 1:1). ^H NMR (CDCI3, 300 MHz) 5 0.01 (m, 1 H), 
2.69 (s, 12 H), 4.48 (t, 1 H,J= 7.3 Hz), 4.68 (dd, 1 H, J= 7.3 Vh-f = 8.3 Hz), 5.28 
(dd, 1 H, J = 7.3 7.5 Hz) 7.53 (dd, 8 H, «/= 2.2, 8.3 Hz), 8.02 (dd, 4 H,J=22, 8.6 
Hz), 8.07 (dd, 4 H J = 2.2 8.6 Hz), 8.79 (s, 8 H). '^C NMR (CDCI3, 75 MHz) 6 
21.76 107.43 (d, = 2 5 . 2 Hz), 112.10, (d, ^Jc-rh = 27.8 Hz), 119.43, 122.09, 
122.87, 127.52, 131.75, 132.30, 133.75 134.25, 137.38 139.18, 143.55. ^^ F NMR 
(CDCI3, 376 MHz) 5 -45.15 (s, IF, o-F). Calcd for (C54H4oN4FRh)+: m/z 866.2238. 
Found: m/z 866.2287. Crystal structures were grown from slow diffusion of solvent 
mixture of methanol and dichloromethane. 
C. Addition of AgzCOj. A mixture of Rh(ttp)Cl (30.0 mg, 0.037 mmol), 10 equiv of 
Ag2C03 (106.8 mg, 0.37 mmol) and fluorobenzene (1.5 mL) was degassed for three 
freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. The solvent was then 
removed in vacuum and the residue was purified by silica gel column 
chromatography eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to give (o-
F)(C6H4)Rh(ttp) 5a (2.1 mg, 2.4 |Limol, 6%) and (p-F)C6H4Rh(ttp) 7a (3.2 mg, 3.7 
limol, 13%). 
D. Addition of K2CO3. A mixture of Rh(ttp)Cl (30.0 mg, 0.037 mmol), 10 equiv of 
K2CO3 (53.1 mg, 0.37 mmol) and fluorobenzene (1.5 mL) was degassed for three 
freeze-thaw-pump cycles and heated at 120 under N2 for 1 d. The solvent was then 
removed in vacuum and the residue was purified by column chromatography on silica 
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gel eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to give a mixture of 
unidentified complexes. 
E. Addition of NazCOs. A mixture of Rh(ttp)Cl (30.0 mg, 0.037 mmol), 10 equiv of 
Na2C03 (38.2 mg, 0.37 mmol) and fluorobenzene (1.5 mL) was degassed for three 
freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. The solvent was then 
removed in vacuum and the residue was purified by silica gel column 
chromatography eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to give a 
mixture of unidentified complexes. 
General Procedure for Reactions of Rh(ttp)CI with Fluorobenzenes and Various 
Amount of Bases. 
Reaction of Fluorobenzenes with Rh(ttp)CI with 10 equivalents of KOH. A mixture 
of Rh(ttp)Cl (30.0 mg, 0.037 mmol) 10 equiv of KOH (20.8 mg, 0.37 mmol) and 
fluorobenzene (1.50 mL, 18.5 mmol) were degassed for three freeze-thaw-pump cycles 
and heated at 120 °C under N2 for 1 d. The solvent was then removed in vacuum and the 
red crude mixture was isolated by silica gel column chromatography eluting with a 
solvent mixture of hexaneiCHiCb (1:1) to give Rh(ttp)Ph 4 (24.1 mg, 0.028 mmol, 77%). 
General Procedure for Reactions of Rh(ttp)Cl with Fluorobenzenes and Various 
Concentration of Fluorobenzene. 
Reaction of Fluorobenzenes with Rh(ttp)CI in Benzene. A mixture of Rh(ttp)Cl (30.0 
mg, 0.037 mmol), 10 equiv of KOH (20.8 mg, 0.37 mmol) and fluorobenzene (1.50 mL, 
18.5 mmol) with benzene (0.16 mL, 1.9 mmol) were degassed for three freeze-thaw-
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pump cycles and heated at 120 under N2 for 1 d. The solvent was then removed in 
vacuum and the red crude mixture was purified by silica gel column chromatography 
eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to give Rh(ttp)Ph 4 (13.2 mg, 
0.016 mmol, 43%) and a trace amount of (o-F)(C6H4)Rh(ttp) 5a. 
3.4 Activation Reactions of Fluorobenzenes by Rhodium Porphyrin 
General Procedure for Reactions of Rh(ttp)CI with Various Fluorobenzenes. 
A. Reaction of 1,2-Difluorobenzene with Rh(ttp)Cl. A suspension of Rh(ttp)Cl (20.0 
mg, 0.025 mmol), 10 equiv of KOH (13.7 mg, 0.25 mmol) and 1,2-difluorobenzene 
(0.31 mL, 2.5 mmol) with benzene (1.1 mL, 12.5 mmol) were degassed for three 
freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. The solvent was then 
removed by vacuum and the red crude mixture was purified by silica gel column 
chromatography on eluting with a solvent mixture of hexane:CH2Cl2 (3:1) to give (o-
F)C6H4Rh(ttp) 5a (11.5 mg, 0.013 mmol, 53%) as a red solid and (l,2-F2)C6H3Rh(ttp) 
5b. (6.6 mg, 7.5 |imol, 30%) as a red solid. R/= 0.45 (hexane:CH2Cl2= 1:1). 'H NMR 
(CDCI3, 300 MHz) 6 —0.27 (m IH) 2.69 (s, 12 H) 4.56 (t, \ H, J = 8.0 Hz), 5.14 
(ddd, 1 H, Vh-f = 1.6 J = 8.0 Vh-f = 8.1 Hz), 7.54 (d, 8 H J = 9.0 Hz), 8.03 (dd, 4 
H,J= 2.0, 8.8 Hz), 8.08 (dd, 4 H, «/= 2.2, 8.7 Hz), 8.79 (s, 8 H) '^C NMR (CDCI3, 
75 MHz) 5 21.08, 96.21 (d, % - f = 24.8 Hz), 96.25 (d, 'Jc-f = 24.8 Hz), 111.11, (d, 
'Jc.Rh = 22.6 Hz), 123.06, 127.60 127.67 131.80, 131.99, 133.79, 134.33, 137.60, 
138.95, 143.05. " F NMR (CDCI3, 376 MHz) 5 -71.35 (d, 1 F, J =22 .2 Hz, o-F), 5 -
77.14 (d, J= 22.2 Hz, 1 F, m-F). Calcd for (C54H4oN4FRh)+: m/z 866.2238. Calcd for 
(C54H39N4F2Rh)+: m/z 884.2145. Found: m/z 884.2192. 
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B. Reaction of 1,3-Difluorobenzene with Rh(ttp)CI. A suspension of Rh(ttp)Cl (20.0 
mg 0.025 mmol) and 10 equiv of KOH (13.7 mg, 0.25 mmol) and 1,3-
difluorobenzene (0.25 mL, 2.5 mmol) with benzene (1.1 mL, 12.5 mmol) was 
degassed for three freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. 
The solvent was then removed in vacuum and the residue was purified by silica gel 
column chromatography eluting with a solvent mixture of hexaneiCHzCb (2:1) to 
give (m-F)C6H4Rh(ttp) 6a (9.1 mg, 0.011 mmol, 42%) as a red solid. R, = 0.58 
(hexane:CH2Cl2= 1:1). 'H NMR (CDCI3, 300 MHz) 5 0.00 (d, 1 H, Vh-f = 8.0 Hz), 
0.06 (d, 1 H, J =13 Hz,), 2.69 (s, 12 H), 4.67 (dd, 1 H , J = 7 . 3 , Vh- f=8 .0 Hz), 4.69 
(dt, 1 H, 4Jh-f 2.4, 7 = 8 . 3 Hz), 7.53 (dd, 1 H J = 2.1 7.3 Hz), 8.02 (dd, 4 H J = 2.2, 
8.6 Hz), 8.07 (dd, 4 H J = 2.2 8.6 Hz), 8.78 (s 8 H). '^C NMR (CDCI3, 100 MHz) 5 
21.74 107.27 (d, %h-c = 21.3 Hz) 115.33 (d, 'Jc-f = 20.5 Hz), 115.33 123.11, 
123.48, 124.50 127.64, 131.94, 133.89, 134.37 137.57 139.61, 143.21. '^F NMR 
(CDCI3, 376 MHz) 5 -52.85 (s, 1 F m-¥). Calcd for (C54H4oN4FRh)+: m/z 876.2238. 
Found: m/z 866.2287. and (2 6-F2)C6H3Rh(ttp) 6b (6.8 mg, 7.6 jimol, 31%) as a red 
solid. R /= 0.48 (hexaneiCHzCb = 1:1). 'H NMR (CDCI3, 300 MHz) 2.67 (s, 12 H), 
4.40 (dd, 2H,J= 8.3 Wf = 8.9 Hz), 5.3 (dd, 1 H, V". =5 .8 , J = 8.0 Hz), 7.50 
(dd, 8 H , J = 2.0, 8.4 Hz), 7.96 (dd, 4 H, 7 = 2.1, 8.6 Hz), 7.98 (dd, 4 H’ J = 2.1 ’ 8,5 
Hz), 8.78 (s, 8 H). '^C NMR (CDCI3’ 75 MHz) 6 13.01 117.58 (d JC-F = 30.2 Hz), 
126.05, 129.13 129.58 (d, Jc.Rh= 253 Hz), 130.26 135.41, 140.30 140.76’ 142.61’ 
143.17 146.82 148.86 153.43. '^F NMR (CDCI3, 376 MHz) 5 -37.66 (s, 2 F, o-F). 
Calcd for (C54H39N4F2Rh)+: m/z 884.2145. Found: m/z 884.2192. 
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C. Reaction of 1,4-Difluorobenzene with Rh(ttp)CI. A mixture of Rh(ttp)Cl (20.0 mg, 
0.025 mmol), 10 equiv o fKOH (13.7 mg, 0.25 mmol) and 1,4-difluorobenzene (0.25 
mL, 2.5 mmol) with benzene (1.1 mL, 12.5 mmol) was degassed for three freeze-
thaw-pump cycles and heated at 120 under N2 for 1 d. The solvent was then 
removed in vacuum and the residue was purified by silica gel column 
chromatography eluting with a solvent mixture of hexane: CH2CI2 (2:1) to give {p-
F)C6H4Rh(ttp) 7a (10.4 mg, 0.012 mmol, 48%) as a red solid. R, = 0.58 
(hexane:CH2Cl2= 1:1). 'H NMR (CDCI3, 300 MHz) 5 0.16 (dd, 2 H, Vh-f = 1.8, J = 
8.9 Hz), 2.69 (s, 12 H), 4.55 (dd, 1 H, W f = 8 . 6 , 7 = 8.9 Hz), 7.54 (d, 8 H, J = 8.3 
Hz), 7.99 (dd, 4H,J= 2.2 8.5 Hz), 8.02 (dd, 4 H, J = 2.2 8.7 Hz), 8.74 (s, 8 H). '^F 
NMR (C6H5CF3, 376 MHz) 5 -62.84 (s, IF). Calcd for (C54H4oN4FRh)+: m/z 
876.2238. Found: m/z 866.2287. and (2,5-F2)C6H3Rh(ttp) 7b (6.5 mg, 5.6 ^imol, 30%) 
as a red solid. R /= 0.43 (hexane:CH2Cl2= 1:1). ^H NMR (CDCI3, 300 MHz) 5 -0.27 
(m, 1 H), 2.69 (s 12 H) 4.35 (ddd 1 H, J = 5.2 9.0, 9.2 Hz), 4.96 (m, 1 H) 7.52 (dd, 
8 H , J = 2 . 1 , 8 . 5 Hz), 8.02 (dd, 8 H, J = 2 . 1 , 8.6 Hz), 8.81 (s 8 H). " c NMR (CDCI3, 
75 MHz) 5 21.69 108.35 (d = 23.5 Hz) 111.42 (d, 'Jc-/?/, = 31.4 Hz), 118.11 (d, 
'Jc-F=24.1 HZ), 122.91 127.59 131.87 133.68, 134.27, 137.48 139.06, 143.50.'^F 
NMR (CDCI3, 376 MHz) 5 -52.69 (s, 1 F, o-F), -60.67 s. IF, w-F). Calcd for 
(C54H39N4F2Rh)+: m/z 884.2145. Found: m/z 884.2192. 
D. Reaction of 1,3,5-Trifluorobenzene with Rh(ttp)CI A mixture of Rh(ttp)Cl (20.0 
mg, 0.025 mmol), 10 equiv of KOH (13.7 mg, 0.25 mmol) and 1,3,5-trifluorobenzene 
(0.26 mL, 2.5 mmol) with benzene (1.1 mL, 12.5 mmol) was degassed for three 
freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. The solvent was then 
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removed by vacuum and the red crude mixture was purified by silica gel column 
chromatography eluting with a solvent mixture of hexane:CH2Cl2 (2:1) to give (3,5-
F2)C6H3Rh(ttp) 8a (12.4 mg, 0.014 mmol 56%) as a red solid. R, = 0.35 
(hexane:CH2Cl2= 1:1). NMR (CDCI3 300 MHz) 5 -0.19 (d, 2 H,Vh-f = 9.3 Hz), 
2.70 (s, 12 H) 4.74 (t, 1 H Vh-f = 9.3 Hz), 7.56 (dd 8 H J = 2.1, 8.3 Hz), 8.00 (dd 4 
H, J = 2.1 8.9 Hz), 8.06 (dd, 4 H J = 2.1 8.7 Hz), 8.80 (s, 8 H). '^C NMR (CDCI3, 
75 MHz) 5 30.25 94.82 (d, 'Jc-f = 26.3 Hz) 95.15 (d 26.3 Hz), 111.78 (d, 'Jc-
Rh= 21.8 Hz), 122.48, 127.62 127.85, 131.70, 131.85 134.20. 134.89 137.80’ 
139.82, 143.20. '^F NMR (CDCI3 376 MHz) 5 - 52.86 (s 2 F, m-¥). Calcd for 
(C54H39N4F2Rh)+: m/z 884.2145. Found: m/z 884.2192. And (2,4,6-F3)C6H2Rh(ttp) 
8b (5.8 mg, 6.5 |Limol, 26%) as a red solid. R/= 0.31 (hexane:CH2Cl2= 1:1). ^H NMR 
(CDCI3, 300 MHz) 5 2.67 (s, 12 H), 4.24 (t, 2 H, Vh-f = 9.3 Hz,), 7.96 (d, 8 H , J = 7.5 
Hz), 8.23 (dd, 4 H J = 2.1, 8.9 Hz), 8.26 (dd, 4 H J = 2.1 8.8 Hz), 8.78 (s 8 H). " c 
NMR (CDCI3, 100 MHz) 5 21.53 95.82 (d, Vc-f = 26.3 Hz) 95.99 (d, •Jc-f= 26.3 
Hz), 96.32 (d, \Jc-Rh= 21.8 Hz), 122.31, 127.40 131.66, 133.46 134.01, 137.25’ 
138.80 143.62.'^F NMR (CDCI3, 376 MHz) 5 -34.53 (s, 2 F, o-F), -56.93 (s, 1 F, p-
F). Calcd for (C54H38N4F3Rh)+: m/z 902.2145.Found: m/z 902.2192. 
E. Reaction of Pentafluorobenzene with Rh(ttp)CI A mixture of Rh(ttp)Cl (20.0 mg, 
0.025 mmol), 10 equiv of KOH (13.7 mg, 0.25 mmol) and pentafluorobenzene (0.28 
rtiL, 2.5 mmol) with benzene (1.1 mL, 12.5 mmol) was degassed for three freeze-
thaw-pump cycles and heated at 120 °C under N2 for 1 d. The solvent was then 
removed by vacuum and the residue was purified by silica gel column 
chromatography eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to give 
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C6F5Rh(ttp) 9 (13.2 mg, 0.014 mmol, 56%) as a red solid. R/= 0.28 (hexaneiCHzCb: 
1:1). 'HNMR (CDCI3, 300 MHz) 5 2.69 (s, 12 H), 7.51 (d, 8 H 7.6 Hz), 7.99 (s, 
8 H) 8.82 (s, 8 H). '^C NMR (CDCI3, 100 MHz) 5 21.68, 122.32, 127.61, 132.03, 
133.67 134.32, 137.51, 138.82, 143.69.'^F NMR (CDCI3, 376 MHz) 5-71.36 (d, 2 F, 
J = 22.0 Hz, o-F), -102.16 (t 2 F = 22.8 Hz, m-F) -105.80 (t, I F, J = 22.8 Hz, p-
F). Calcd for (C54H36N4F5Rh)+: m/z 938.1868. Found: m/z 938.1910. 
F. Reaction of Hexafluorobenzene with Rh(ttp)Cl in Benzene A mixture of Rh(ttp)Cl 
(20.0 mg, 0.025 mmol), 10 equiv of KOH (13.7 mg, 0.25 mmol) and 
hexafluorobenzene (0.29 mL, 2.5 mmol) with benzene ( l . lmL, 12.5 mmol) were 
degassed for three freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. 
The solvent was then removed in vacuum and the residue was purified by silica gel 
column chromatography eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to 
give C6F5Rh(ttp) 9 (14.0 mg, 0.015 mmol, 60%) as a red solid. R, = 0.28 
(hexane:CH2Cl2= 1:1). 
General Procedure for Competition Reactions of Rh(ttp)Cl with Various 
Fluorobenzenes. 
A. Competiton Reaction between Fluorobenzene and Hexafluorobenzene with 
Rh(ttp)Cl. A mixture of Rh(ttp)Cl (20.0 mg, 0.025 mmol), 10 equiv of KOH (13.7 
mg, 0.25 mmol), fluorobenzene (0.12 mL, 1.3 mmol) and hexafluorobenzene (0.15 
mL, 1.3 mmol) with benzene (1.1 mL, 12.5 mmol) was degassed for three freeze-
thaw-pump cycles and heated at 120 °C under N2 for 1 d. The solvent was then 
removed by vacuum and the red crude mixture was purified by silica gel column 
chromatography eluting with a solvent mixture of hexane:CH2Cl2 (1:1) to give 
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CeFsRhCttp) 9(12.9 mg, 0.014 mmol, 55%) as a red solid. R/= 0.28 (hexane:CH2Cl2 = 
1 : 1 ) . 
B. Competiton Reaction between Fluorobenzene and 1,2-Difluorobenzene with 
Rh(ttp)Cl. A mixture of Rh(ttp)Cl (20.0 mg, 0.025 mmol), 10 equiv of KOH (13.7 
mg, 0.25 mmol), fluorobenzene (0.12 mL, 1.3 mmol) and 1,2-difluorobenzene 
(0.13mL, 1.3 mmol) with benzene (1.1 mL, 12,5 mmol) was degassed for three 
freeze-thaw-pump cycles and heated at 120 under N2 for 1 d. The solvent was then 
removed by vacuum and the red crude mixture was isolated by column 
chromatography on silica gel eluting with a solvent mixture of hexane:CH2Cl2 (1:1) 
to give (o-F)C6H4Rh(ttp) 5a (12.6 mg, 0.015 mmol, 58%) as a red solid. R / = 0.58 
(hexane:CH2Cl2= 1:1). 
C. Competiton Reaction between 1,3-Difluorobenzene and 1,2-Difluorobenzene 
with Rh(ttp)Cl. Rh(ttp)Cl (20.0 mg, 0.025 mmol) and 10 equiv of KOH (13.7 mg, 
0.25 mmol), 1,3-difluorobenzene (0.13 mL, 1.3 mmol) and 1,2-difluorobenzene (0.13 
mL, 1.3 mmol) with benzene (1.1 mL, 12.5 mmol) were degassed for three freeze-
thaw-pump cycles and heated at 120 °C under N2 for 1 d. The solvent was then 
removed by vacuum and the residue was purified by silica gel column 
chromatography eluting with a solvent mixture of hexane: CH2CI2 (1:1) to give (0-
F)C6H4Rh(ttp) 5a (12.6 mg, 0.015 mmol, 58%) as a red solid. R, = 0.58 
(hexane:CH2Cl2= 1:1). 
D. Competiton Reaction between 1,4-Difluorobenzene and 1,2-Difluorobenzene 
with Rh(ttp)CI. A mixture of Rh(ttp)Cl (20.0 mg, 0.025 mmol), 10 equiv of KOH 
(13.7 mg, 0.25 mmol), 1,4-fluorobenzene (0.12 mL, 1.3 mmol) and 1,2-
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difluorobenzene (0.13 mL, 1.3 mmol) with benzene (1.1 mL, 12.5 mmol) was 
degassed for three freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. 
The solvent was then removed by vacuum and the red crude mixture was purified by 
silica gel column chromatography eluting with a solvent mixture of hexaneiCF^Cb 
(1:1) to give (o-F)C6H4Rh(ttp) 5a (11.6 mg 0.013 mmol, 61%) as a red solid. R/ = 
0.58(hexane:CH2Cl2= 1:1). 
E. Competiton Reaction between 1,4-Difluorobenzene and 1,3-Difluorobenzene 
with Rh(ttp)Cl. A mixture of Rh(ttp)Cl (20.0 mg, 0.025 mmol), .10 equiv of KOH 
(13.7 mg, 0.25 mmol), 1,4-difluorobenzene (0.13 mL, 1.3mmol) and 1,3-
difluorobenzene (0.13 mL, 1.3 mmol) with benzene ( l . lmL, 12.5 mmol) was 
degassed for three freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 d. 
The solvent was then removed by vacuum and the red crude mixture was purified by 
silica gel column chromatography eluting with a solvent mixture of hexane:CH2Cl2 
(1:1) to give (w-F)C6H4Rh(ttp) 6a (11.5 mg, 0.013 mmol, 51%) as a red solid. R/ = 
0.55(hexane:CH2Cl2= 1:1). 
Reaction of 1,4-DifIuorobenzene with Rh(ttp)Cl in Sealed NMR Tube Rh(ttp)Cl (7.0 
mg, 8 ^imol) and 10 equiv of KOH (4.9 mg, 0.08 mmol) and 1,4-fluorobenzene (0.091 
mL, 0.8 mmol) and C6D6 (0.5 ml) were added to an NMR tube with rotaflo stopper and 
degassed for three freeze-thaw-pump cycles. The mixtures were frozen under liquid 
nitrogen and then flame-sealed under vacuum. The sealed tube was heated at 120 for 3 
d. The reaction was monitored by NMR spectroscopy and the amount of product was 
calibrated with the internal standard residual benzene in CsDe. 
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Table 3.1. The Amount of Species Involved in the Course of Reaction 
Time/h Rh(ttp)a Yield / 
0/0 
Rh2(ttp)2 Yield / 0/0 Rh(ttp)-Yield/% 7a Yield / % 
0 100 0 0 0 
1 5 66 0 0 
2 0 42 38 0 
3 0 30 42 0 
4 0 20 40 3 
15 0 0 30 42 
24 0 0 22 45 
48 0 0 15 50 . 
72 0 0 5 53 
General Procedure for Reactions of Rh(ttp)H with Fluorobenzenes. 
A. Reaction of Fluorobenzene with Rh(ttp)H with KOH. A suspension of Rh(ttp)H 
(15.0 mg, 0.019 mmol), 10 equiv of KOH (10.7 mg, 0.19 mmol), fluorobenzene (0.18 
mL, 1.9 mmol) in benzene (0.93 mL, 8.5 mmol) was degassed for three freeze-thaw-
pump cycles and heated at 120 under N2 for 1 d. The solvent was then removed in 
vacuum and the red crude mixture was purified by silica gel column chromatography 
eluting with a solvent of hexane:CH2Cl2 (1:1) to give Rh(ttp)Ph 4 (6.9 mg, 8.2 |imol, 
430/0). 
B. Reaction of Fluorobenzene with Rh(ttp)H. A suspension of Rh(ttp)H (15.0 mg, 
0.019 mmol), fluorobenzene (0.18 mL, 1.9 mmol) in benzene (0.93 mL, 8.5 mmol) 
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was degassed for three freeze-thaw-pump cycles and heated at 120 °C under N2 for 1 
d. The solvent was then removed in vacuum and the red crude mixture was purified 
by silica gel column chromatography eluting with a solvent mixture of 
hexane:CH2Cl2 (1:1) to give an unidentified mixture of complexes. 
C. Reaction of 1,4-Difluorobenzene with Rh(ttp)H with KOH. A solution of Rh(ttp)H 
(15.0 mg 0.019 mmol), 10 equiv of KOH (10.7 mg, 0.19 mmol) 1,4-fluorobenzene 
(0.19 mL, 1.9 mmol) in benzene (0.93 mL, 8.5 mmol) was degassed for three freeze-
thaw-pump cycles and heated at 120 °C under N2 for 1 d. The. solvent was then 
removed in vacuum and the red crude mixture was purified by silica gel column 
chromatography eluting with a solvent mixture of hexaneiCFbCb (2:1) to give {p-
F)C6H4Rh(ttp) 7a (7.1 mg, 6.3 |imol, 33%) as a red solid. R/= 0.58 (hexane:CH2Cl2 = 
1:1) and (2 4-F2)C6H3Rh(ttp) 7b (1.6 mg, 1.7 |imol, 9%) as a red solid. R /= 0.43 
(hexane:CH2Cl2= 1:1). 
D. Reaction of l 4-Difluorobenzene with Rh(ttp)H. A solution of Rh(ttp)H (15.0 mg, 
0.019 mmol), 1,4-difluorobenzene (0.19 mL, 1.9 mmol) in benzene (0.93 mL, 8.5 
mmol) was degassed for three freeze-thaw-pump cycles and heated at 120 °C under 
N2 for 1 d. The solvent was then removed in vacuum and the red crude mixture was 
purified by silica gel column chromatography eluting with a mixture of hexane: 
CH2CI2 (1:1) to give an unidentified mixture of complexes.. 
General Procedure for Reactions of Rh(ttp)R with Fluorobenzene. 
A. Reaction of benzene with Rh(ttp)Me with KOH. A suspension of Rh(ttp)Me (15.0 
mg, 0.019 mmol), 10 equiv of KOH (10.7 mg, 0.19 mmol) and benzene (1 mL) was 
degassed for three freeze-thaw-pump cycles and heated at 120 °C under N2 for 4 d. 
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The solvent was then removed in vacuum and the red crude mixture was purified by 
silica gel column chromatography eluting with a mixture of hexane:CH2Cl2 (1:1) to 
recover Rh(ttp)Me (11.6 mg, 0.015 mmol, 78%). 
B. Reaction of Fluorobenzene with Rh(ttp)Me with KOH. A suspension of 
Rh(ttp)Me (15.0 mg, 0.019 mmol) and 10 equiv of KOH (10.7 mg, 0.19 mmol) and 
fluorobenzene (0.18 mL, 1.9 mmol) in benzene (1 mL) was degassed for three freeze-
thaw-pump cycles and heated at 120 °C under N2 for 4 d. The solvent was then 
removed by vacuum and the red crude mixture was purified by.silica gel column 
chromatography eluting with a mixture of hexaneiCIHbCb (1:1) to recover Rh(ttp)Me 
(9.9 mg, 0.013 mmol, 66%) and give Rh(ttp)Ph 4(1.5 mg, 0.001 mmol, 10%). 
C. Reaction of Benzene with Rh(ttp)SiEt3 with KOH. A mixture of Rh(ttp)SiEt3 
(15.0 mg, 0.017 mmol), 10 equiv of KOH (9.6 mg, 0.17 mmol) and benzene (1 mL) 
was degassed for three freeze-thaw-pump cycles and heated at 120 °C under N2 for 4 
d. The solvent was then removed by vacuum and the red crude mixture was purified 
by silica gel column chromatography eluting with a mixture of hexane:CH2Cl2 (1:1) 
to give unreacted Rh(ttp)SiEt3 (10.4 mg, 0.012 mmol, 69%). 
D. Reaction of Fluorobenzene with Rh(ttp)SiEt3 with KOH A mixture of 
Rh(ttp)SiEt3 (15.0 mg, 0.017 mmol) and 10 equiv of KOH (9.6 mg, 0.17 mmol) and 
fluorobenzene (0.17 mL, 1.7 mmol) in benzene (1 mL) were degassed for three 
freeze-thaw-pump cycles and heated at 120 °C under N2 for 4 d. The solvent was then 
removed by vacuum and the red crude mixture was purified by silica gel column 
chromatography eluting with a mixture of hexane:CH2Cl2 (1:1) to give Rh(ttp)Ph 4 
(6.0 mg, 7 jimol 40%) and (o-F)C6H4Rh(ttp) 5a (2.7 mg, 3 ^mol, 18%). 
73 
Reactions of Rh(ttp)Cl with Fluorobenzene/FIuorobenzene-^/s (1:1 molar ratio). 
Rh(ttp)Cl (20.0 mg, 0.025 mmol) and KOH (14.0 mg, 0.25 mmol) were added to a 
premixed equimolar solvent mixture of fluorobenzene/ fluorobenzene-^/s (1.0 mL) and 
then the suspension was degassed for three freeze-thaw-pump cycles in the rotaflo tube. 
The reaction mixture was heated to 120 under N2 for 1 d and two red solids were 
purified by chromatography on silica gel eluting with a solvent mixture of hexane: 
CH2CI2 (1:1) to give the mixtures of CFA products, R / = 0.63 (hexaneiCHzCb = 1:1), 
CftHsRhCttp) 4 (6.3 mg, 7 |Limol, 20% NMR yield) and CeDsRhCttp) 4-^/5(6.3 mg, 7 |imol, 
20% NMR yield) were collected in one portion. Two CHA products, (o-F)C6H4Rh(ttp) 5a 
(3.7 mg, 4 iLimol, 17% NMR yield) and (o-F)C6H4Rh(ttp) Sa-ds (0.9 mg, 1 |Limol, 4% 
NMR yield) were collected in another portion. 
The isotope effect was calculated as follow: 
Integration of the aromatic protons (observed = 0.81) were used to calculate the ratio with 
the integration of pyrrole signal (6 = 8.78) was taken as 8.00. Let the integration of 
aromatic deuterium to be y. 
y = Integration of aromatic proton without deuterium incorporation 
—Observed integration of aromatic proton with deuterium incorporation 
= 1 - 0 . 8 1 
kn/ko = Integration of aromatic proton/ Integration of aromatic deuterium 
= 0 . 8 1 / ( 1 -0.81) 
= 4 . 2 6 
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Reactions of Rh(ttp)H with Fluorobenzene/Fluorobenzene-^/s (1:1 molar ratio). 
The same procedure was followed to the case of Rh(ttp)Cl. The mixtures of CFA 
products, R / = 0.63 (hexaneiCHzCb = 1:1), CsHsRhCttp) 4 (4.2 mg, 5 f imol , 19% N M R 
yield) and R CeDsRhCttp) A-d^ (4.2 mg, 5 |Limol 19% NMR yield) were collected in one 
portion. Two CHA products, (o-F)C6H4Rh(ttp) 5a (3.3 mg, 4 i^mol 15% NMR yield) and 
(o-F)C6H4Rh(ttp) Sa-ds (0.9 mg, 1 ^imol, 4 % N M R yield) were collected in another 
portion. 
The isotope effect was calculated as follow: 
Integration of aromatic protons (observed = 0.79) were used to calculate the ratio with the 
integration of pyrrole signal (5 = 8.78) was taken as 8.00. Let the integration of aromatic 
deuterium to be y. 
y = Integration of aromatic proton without deuterium incorporation 
-Observed integration of aromatic proton with deuterium incorporation 
= 1 - 0 . 7 9 
kH/ko = Integration of aromatic proton/ Integration of aromatic deuterium 
=0 .79 / (1 -0 .79) 
= 3 . 7 6 
General Procedure for Reactions of Rh(ttp)R with Fluorobenzene. 
A. Reaction of (2 5-F2)C6H3Rh(ttp) 7b with KOH in Benzene A mixture of (2,4-
F2)C6H3Rh(ttp) 7b (15.0 mg, 0.017 mmol) 10 equiv of KOH (9.5 mg, 0.17 mmol) 
and benzene (1 mL) was degassed for three freeze-thaw-pump cycles and heated at 
200 °C under N! for 4 d . The solvent was then removed by vacuum and the red crude 
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mixture was purified by silica gel column chromatography eluting with a mixture of 
hexane: CH2CI2 (1:1) to recover (2,5-F2)C6H3Rh(ttp) 7b (12.2 mg, 0.014 mmol, 
81%). 
B. Reaction of Benzene with (2 5-F2)C6H3Rh(ttp) 7b A mixture of (2’4-F2)C6H3Rh(ttp) 
7b (15.0 mg, 0.017 mmol) in benzene (1 mL) was degassed for three freeze-thaw-
pump cycles and heated at 200 °C under N2 for 3 d. The solvent was then removed by 
vacuum and the red crude mixture was purified by silica gel column chromatography 
eluting with a mixture of hexane: CH2CI2 (1:1) to recover (2,5-F2)C6H3Rh(ttp) 7b 
(11.9mg 0.013 mmol, 79%). 
C. Reaction of Fluorobenzene with (2 5-F2)C6H3Rh(ttp) 7b with KOH A solution of 
(2 5-F2)C6H3Rh(ttp) 7b (15.0 mg, 0.017 mmol) and 10 equiv of KOH (9.5 mg, 0.17 
mmolO and 1,4-difluorobenzene (0.19 mL, 1.7 mmol) in benzene (1 mL) was 
degassed for three freeze-thaw-pump cycles and heated at 200 °C under N2 for 4 d. 
The solvent was then removed by vacuum and the red crude mixture was purified by 
silica gel column chromatography eluting with a mixture of hexane: CH2CI2 (1:1) to 
recover (2 5-F2)C6H3Rh(ttp) 7b (9.2 mg, 0.010 mmol, 61%) and (p-F)C6H4Rh(ttp) 7a 
( 2 . 9 m g , 3 iLimol, 2 0 % ) . 
D. Reaction of Fluorobenzene with (2,5-F2)C6H3Rh(ttp) 7b (2 5-F2)C6H3Rh(ttp) 7b 
(15.0 mg, 0.017 mmol) and 1,4-difluorobenzene (0.19 mL, 1.7 mmol) in benzene(l 
mL) was degassed for three freeze-thaw-pump cycles and heated at 200 under N2 
for 4 d. The solvent was then removed by vacuum and the red crude mixture was 
purified by silica gel column chromatography eluting with a solvent mixture of 
hexane: CH2CI2 (1:1) to recover (2 4-F2)C6H3Rh(ttp) 7b (8.3 mg, 0.014 mmol, 82%). 
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Reaction of (2,4-F2)C6H3Rh(ttp) 7b with Hexafluorobenzene with KOH. A mixture 
of (2,4-F2C6H3)Rh(ttp) 7b (15.0 mg, 0.017 mmol), 10 equiv of KOH (9.5 mg, 0.17 
mmol) and hexafluorobenzene (0.97 mL 8.5 mmol) was degassed for three freeze-thaw-
pump cycles and heated at 200 °C under N2 for 4 d. The solvent was then removed by 
vacuum and the red crude mixture was purified by silica gel column chromatography 
eluting with a mixture of hexane:CH2Cl2 (1:1) to give C6F5Rh(ttp)C6F5 9 (3.7 mg, 40 
l imo l , 23%) and recovered (2,4-F2)C6H3Rh(ttp) 7b (9.9 mg, 0.011 mmol, 66%). 
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Appendix I 
Crystal Data Collection and Processing Parameters of 
Complex 5a 
(o-F)C6H4Rh(ttp) 5a 
Figure 3a. ORTEP of complex Rh(ttp)(C6H4)(o-F) 5a, showing the atomic labeling 
scheme and 30 % probability displacement ellipsoids. 
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Figure 3b. The conformations of porphyrins in, 5a, showing the displacement 
of the core atoms and of Rh from the 24-atom least squares plane 
of porphyrin core (in pm; negative values correspond to 
displacement towards the benzyl or phenyl ligands). Absolute 
values of the angles between pyrrole rings and least-squares plane 
and angles between tolyl substituents and the least-squares plane 
are shown in bold. 
Table 3.1. Crystal Data and Structure Refinement for 5a 
Identification code MHL168a 
Empirical formula C55 H44FN4Rh 
Formula weight 898.85 
Temperature 293(2) K 
Wavelength 0.71073 A 
Crystal system, space group Triclinic, PI 
Unit cell dimensions a= 11.294(4) A alpha =112.69 (3) 
b = 12.184(4) A beta = 94.35(3) 
c = 18.827(6) A gamma = 107.37 (3) 
Volume 2310(13)A' 
Z, Calculated density 2 1.292 Mg/m' 
Absorption coefficient 0.417 mm-' 
F(OOO) 928 
Crystal size 0.40 X 0.30 X 0.30 mm 
Theta range for data collection 1.79 to 25.00° 
Limiting indices -13<=h<=13, 14<=k<=ll,-22<=l<=22 
Reflections collected / unique 12564/8099 [R(int) = 0.0431] 
Completeness to theta 99.4.9 o/o 
Absorption correction ABSCOR 
Max. and min. transmission 1.000 and 0.097552 
Refinement method Full-matrix least-squares on P^  
Data / restraints / parameters 8099/ 15/607 
Goodness-of-fit on F^ 1.129 
Final R indices [I>2sigma(I)J R1 =0.0826 wR2 = 0.2095 
R indices (all data) R1 =0.11921 wR2 = 0.2332 
Largest diff. peak and hole 0.961 and -0.786 e.A'' 
Table 3.2. Bond Lengths [A] and Angles [deg] for 5a 
Rh(l)-N(2) 2.012(7) C(24)-C(25) 1.358(15) 
Rh(l)-N(l) 2.023(7) C(24)-C(27) 1.525(15) 
Rh(l)-C(31) 2.179(7) C(25)-C(26) 1.322(14) 
Rh(2)-N(4) 2.022(6) C(31)-C(36) 1.346(9) 
Rh(2)-N(3) 2.026(6) C(31)-C(32) 1.401(10) 
Rh(2)-C(71) 2.180(7) C(32)-C(33) 1.375(10) 
N(l)-C(l) 1.365(12) C(33)-C(34) 1.366(10) 
N(l)-C(4) 1.382(10) C(34)-C(35) 1.367(10) 
N(2)-C(9) 1.381(11) C(35)-C(36) 1.363(9) 
N(2)-C(6) 1.382(10) C(36)-F(l) 1.280(17) 
N(3)-C(44) 1.360(10) C(41)-C(42) 1.420(11) 
N(3)-C(41) 1.372(9) C(42)-C(43) 1.319(12) 
N(4)-C(46) 1.364(9) C(43)-C(44) 1.443(10) 
N(4)-C(49) 1.397(9) C(44)-C(45) 1.382(11) 
C(l)-C(2) 1.475(12) C(45)-C(46) 1.393(10) 
C(2)-C(3) 1.336(13) C(45)-C(51) 1.492(11) 
C(3)-C(4) 1.454(12) C(46)-C(47) 1.429(11) 
C(4)-C(5) 1.384(12) C(47)-C(48) 1.359(11) 
C(5)-C(6) 1.387(12) C(48)-C(49) 1.424(12) 
C(5)-C(ll) 1.482(11) C(49)-C(50) 1.377(1 1) 
C(6)-C(7) 1.415(13) C(50)-C(61) 1.504(11) 
C(7)-C(8) 1.361(12) C(51)-C(52) 1.366(12) 
C(8)-C(9) 1.443(12) C(51)-C(56) 1.408(13) 
C(9)-C(10) 1.405(11) C(52)-C(53) 1.372(14) 
C(10)-C(21) 1.475(12) C(53)-C(54) 1.364(18) 
C(1I)-C(12) 1.339(13) C(54)-C(55) 1.342(18) 
C(ll)-C(16) 1.351(12) C(54)-C(57) 1.552(15) 
C(12)-C(13) 1.401(14) C(55)-C(56) 1.400(14) 
C(13)-C(14) 1.320(15) C(61)-C(62) 1.364(12) 
C(14)-C(15) 1.325(13) C(61)-C(66) 1.399(12) 
C(14)-C(17) 1.499(13) C(62)-C(63) 1.393(13) 
C(15)-C(16) 1.396(13) C(63)-C(64) 1.372(15) 
C(21)-C(22) 1.353(14) C(64)-C(65) 1.351(14) 
C(21)-C(26) 1.383(12) C(64)-C(67) 1.495(13) 
C(22)-C(23) 1.368(16) C(65)-C(66) 1.368(13) 
C(23)-C(24) 1.390(16) C(71)-C(76) 1.360(8) 
C(71)-C(72) 1.407(9) C(74)-C(75) 1.361(10) 
C(72)-C(73) 1.371(9) C(75)-C(76) 1.363(9) 
C(73)-C(74) 1.359(10) C(76)-F 1.16(2) 
N(2)-Rh(l)-N(l) 90.3(3) N(2)-C(9)-C(8) 109.7(7) 
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N(2)-Rh(l)-C(31) 90.2(3) C(10)-C(9)-C(8) 124.1(8) 
N(l)-Rh(l)-C(31) 91.7(3) C(9)-C(10)-C(21) 117.6(8) 
N(4)-Rh(2)-N(3) 89.1(2) C(12)-C(ll)-C(16) 116.3(9) 
N(4)-Rh(2)-C(71) 89.2(3) C(12)-C(ll)-C(5) 121.1(8) 
N(3)-Rh(2)-C(71) 91.0(2) C(16)-C(ll)-C(5) 122.5(8) 
C(l)-N -C(4) 107.3(7) C(ll)-C(12)-C(13) 120.8(10) 
C(l)-N(l)-Rh(l) 126.4(6) C(14)-C(13)-C(12) 122.9(10) 
C(4)-N(l)-Rh(l) 126.2(6) C(13)-C(14)-C(15) 116.5(9) 
C(9)-N(2)-C(6) 106.3(7) C(13)-C(14)-C(17) 122.3(10) 
C(9)-N(2)-Rh(l) 127.2(5) C(15)-C(14)-C(17) 121.1(10) 
C(6)-N(2)-Rh(l) 126.4(6) C(14)-C(15)-C(16) 122.1(10) 
C(44)-N(3)-C(41) 106.9(6) C(ll)-C(16)-C(15) 121.4(9) 
C(44)-N(3)-Rh(2) 127.0(5) C(22)-C(21)-C(26) 116.0(9) 
C(41)-N(3)-Rh(2) 126.1(5) C(22)-C(21)-C(10) 123.3(8) 
C(46)-N(4)-C(49) 106.7(7) C(26)-C(21)-C(10) 120,7(9) 
C(46)-N(4)-Rh(2) 127.6(5) C(21)-C(22)-C(23) 122.2(11) 
C(49)-N(4)-Rh(2) 125.6(5) C(22)-C(23)-C(24) 121.0(12) 
N(l)-C -C(2) 109.0(8) C(25)-C(24)-C(23) 115.1(10) 
C(3)-C(2)-C(l) 106.8(9) C(25)-C(24)-C(27) 124.2(11) 
C(2)-C(3)-C(4) 108.0(8) C(23)-C(24)-C(27) 120.6(13) 
N(l)-C(4)-C(5) 126.1(8) C(26)-C(25)-C(24) 123.9(10) 
N(l)-C(4)-C(3) 108.8(8) C(25)-C(26)-C(21) 121.6(11) 
C(5)-C(4)-C(3) 125.1(8) C(36)-C(31)-C(32) 118.8(11) 
C(4)-C(5)-C(6) 124.8(8) C(36)-C(31)-Rh(l) 123.5(7) 
C(4)-C(5)-C(ll) 117.5(8) C(32)-C(31)-Rh(l) 117.2(8) 
C(6)-C(5)-C(ll) 117.7(8) C(33)-C(32)-C(31) 122.9(16) 
N(2)-C(6)-C(5) 126.0(8) C(34)-C(33)-C(32) 116.3(19) 
N(2)-C(6)-C(7) 109.4(8) C(33)-C(34)-C(35) 120.8(18) 
C(5)-C(6)-C(7) 124.6(8) C(36)-C(35)-C(34) 122.4(16) 
C(8)-C(7)-C(6) 108.6(8) F(l)-C(36)-C(31) 120.6(11) 
C(7)-C(8)-C(9) 106.0(8) F(l)-C(36)-C(35) 120.7(13) 
N(2)-C(9)-C(10) 126.2(8) C(31)-C(36)-C(35) 118.7(12) 
N(3)-C(41)-C(42) 108.9(7) C(55)-C(54)-C(57) 120.2(15) 
C(43)-C(42)-C(41) 108.2(8) C(53)-C(54)-C(57) 121.2(14) 
C(42)-C(43)-C(44) 107.4(8) C(54)-C(55)-C(56) 121.3(12) 
N(3)-C(44)-C(45) 126.5(7) C(55)-C(56)-C(51) 119.3(11) 
N(3)-C(44)-C(43) 108.6(7) C(62)-C(61)-C(66) 117.9(8) 
C(45)-C(44)-C(43) 124.9(7) C(62)-C(61)-C(50) 120.4(8) 
C(44)-C(45)-C(46) 124.3(7) C(66)-C(61)-C(50) 121.7(8) 
C(44)-C(45)-C(51) 117.2(7) C(61)-C(62)-C(63) 120.6(9) 
C(46)-C(45)-C(51) 118.5(8) C(64)-C(63)-C(62) 121.5(9) 
N(4)-C(46)-C(45) 125.5(7) C(65)-C(64)-C(63) 117.1(9) 
N(4)-C(46)-C(47) 109.5(7) C(65)-C(64)-C(67) 123.0(11) 
C(45)-C(46)-C(47) 125.0(7) C(63)-C(64)-C(67) 119.8(11) 
C(48)-C(47)-C(46) 107.5(7) C(64)-C(65)-C(66) 123.2(10) 
89 
C(47)-C(48)-C(49) 107.4(7) C(65)-C(66)-C(61) 119.7(9) 
C(50)-C(49)-N(4) 125.6(8) C(76)-C(71)-C(72) 119.9(9) 
C(50)-C(49)-C(48) 125.7(8) C(76)-C(71)-Rh(2) 123.9(7) 
N(4)-C(49)-C(48) 108.8(7) C(72)-C(71)-Rh(2) 116.2(6) 
C(49)-C(50)-C(61) 118.1(8) C(73)-C(72)-C(71) 116.7(15) 
C(52)-C(51)-C(56) 118.5(9) C(74)-C(73)-C(72) 123(2) 
C(52)-C(51)-C(45) 121.6(8) C(73)-C(74)-C(75) 119(2) 
C(56)-C(51)-C(45) 119.9(8) C(74)-C(75)-C(76) 119.6(16) 
C(51)-C(52)-C(53) 119.8(11) F(2)-C(76)-C(71) 121.9(12) 
C(54)-C(53)-C(52) 122.6(12) F(2)-C(76)-C(75) 116.6(13) 
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Table 3.3 Chemical Shift and Coupling Constant of various products obtained in 
I9F NMR 
Compound o-F m-F p-F 
Chemical Vf-f Chemical Vf-f Chemical V f- f , 
shift /ppm /Hz shift / ppm / H z shift /ppm Hz 
(o-F)C6H4Rh(ttp) -45.15 Nil Nil Nil Nil Nil 
5a 
(2 3-F2)C6H3 -71.35 22.2 -77.14 22.2 Nil Nil 
Rh(ttp) 5b 
(w-iOC6H4Rh(ttp) Nil Nil -52.85 Nil Nil Nil 
6a 
(2 6-F2)C6H3 -37.66 Nil Nil Nil Nil Nil 
Rh(ttp) 6b 
(p-F)C6H4Rh(ttp) Nil Nil Nil Nil -62.84 Nil 
7a 
(2 5-F2)C6H3 -52.69 Nil -60.67 Nil Nil Nil 
Rh(ttp) 7b 
(3 5-F2)C6H3 Nil Nil -52.86 Nil Nil Nil 
Rh(ttp) 8a 
(2,4,6-F3)C6H2 -34.53 Nil Nil Nil -56.93 Nil 
Rh(ttp) 8b 
CaFsRhCttp) 9 -71.36 22.0 
-102.16 22.8 -105.80 22.8 
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